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THE  CONDITION  OF  JUPITEE. 

BY  JOHN   BROWNING,    F.B.A.S. 
{TFUh  a  Coloured  Plate.) 

When  Jupiter  is  observed  continuously  by  the  aid  of  a  telescope 
of  three  or  four  inches  aperture,  it  will  be  found  that  the  bright 
and  dark  belts  which  encompass  his  great  globe,  change  from  time 
to  time  in  form  and  number. 

With  instruments  of  large  aperture,  and  higher  power,  the  dark 
belts  will  be  found  sometimes  to  vary  in  colour. 

I  must  here  lay  great  stress  on  high  power.  The  colours  on 
Jupiter  and  Saturn  are  scarcely  ever  perceptible  with  powers 
below  100,  and  they  are  only  to  be  seen  advantageously  with 
powers  between  250  and  500.  Using  such  powers  as  these,  the 
dark  belts,  which  are  mostly  of  a  pearly,  or,  at  most,  a  warm  grey, 
will  frequently  be  found  of  a  coppery  hue,  oftener  still  they  are  a 
deep  purplish  red. 

I  would  here  remark  that  the  stars,  being  exceedingly  bright, 
their  colours  may  be  well  seen  with  telescopes  of  small  aperture, 
using  a  power  which  will  magnify  the  disc  to  an  appreciable 
diameter ;  but  for  observations  on  the  colours  of  the  planets,  es- 
pecially Jupiter  and  Saturn,  whose  light  is  faint,  much  fainter  than 
that  of  Venus  and  Mars,  recourse  must  be  had  to  moderately  high 
powers,  and  telescopes  of  very  large  aperture.* 

With  regard  to  the  colour  of  the  red  belts  and  their  changes, 

*  I  cannot  explain  why  a  combination  of  large  with  high  power  should  be  effective 
in  showing  colour  on  planets,  but  several  well-known  obseryers  agree  with  me  that  this 
is  the  case. 
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these  phenomena  seem  to  be  due  to  aome  pectdiarity  of  the  planet 
itself,  for  I  have  frequently  observed  the  belts  display  the  greatest 
amount  of  colour  when  our  atmosphere  was  very  clear  and  free 
from  mist.  If  the  colour  were  due  to  changes  in  our  own  atmos- 
phere, the  reverse  would  be  the  case.  In  the  drawing  here  copied 
the  belts  were  coloured  with  a  mixture  of  madder-brown  and  sepia ; 
but  two  years  sinc^e,  I  saw  them  of  a  full  rich  claret  colour,  the 
colour  of  pure  purple  madder. 

While  these  changes  occur  in  the  colour  of  the  dark  belts,  the 
bright  belts  remain  for  years  unchanged,  shining  with  a  silvery  light; 
the  great  equatorial  belt,  which  has  a  mean  breadth  of  about  20,000 
miles,  being  almost  invariably  the  brightest  portion  of  the  planet's 
disc. 

During  the  last  few  months  this  equatorial  belt,  generally  so 
free  from  colour,  has  been  more  strongly  coloured  than  any  other 
part  of  the  planet.  In  the  early  part  of  the  autumn  of  last  year 
it  appeared  to  be  a  greenish  yellow.  This  colour  deepened  in 
October  to  a  full  ochreish  yellow,  and  now  in  January,  1870,  it  is 
still  of  the  same  colour,  or  perhaps  a  yet  darker  tint,  rather  more 
of  an  orange  hue  than  Roman-ochre.  Since  the  apparition  of  the 
ochreish  belt,  the  red  belts  have  not  exhibited  their  maximum  of 
colour. 

On  the  evening  on  which  the  drawing  represented  in  the 
engraving  was  made,  the  ochreish  colour  was  faintly  visible  on  the 
first  bright  belt  north  of  the  equator,  but  I  have  not  seen  this 
colour  excepting  in  the  equatorial  belt  either  before  or  since. 
Since  the  change  has  taken  place  in  its  colour,  the  brightness  of 
the  equatorial  belt  has  considerably  diminished,  it  being  now  very 
inferior  in  brilliancy  to  the  narrower  bright  belts  on  the  north  and 
south  of  it.  Beyond  these  narrow  belts,  that  is  nearer  the  north 
and  south  poles  of  the  planet,  the  colour  is  almost  uniformly  of  a 
blueish  grey,  rather  warmer  than  ultramarine  ash.  No  change 
in  the  colour  of  these  parts  has  been  noticed. 

Such  a  change  in  colour  as  that  just  described  indicates  the 
occurrence  of  some  great  physical  change  on  the  planet.  In 
attempting  to  account  for  such  a  change,  we  must  consider,  briefly, 
how  the  planet  is  situated. 

Jupiter  exceeds  in  bulk  the  whole  of  the  members  of  the  solar 
system  excepting  the  Sun.  The  eflect  that  the  enormous  size  of 
the  planet  has  had  upon  its  present  condition,  has  perhaps  scarcely 
received  sufficient  attention. 

In  one  of  the  notes  appended  to  his  '^  Saturn  and  its  System,'' 
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Mr.  Proctor  has  sn^gested  that  the  arid  aspect  of  the  Moon  is  due 
to  the  fact,  that  not  only  the  water,  but  the  gases,  which  formerly 
composed  its  atmosphere,  have  by  intense  cold,  been  frozen  into 
the  solid  state.  This  suggestion  will  enable  us  to  account  com- 
pletely for  most  of  the  phenomena  observed  on  the  Moon,  with  the 
exception  of  some  obscure  changes  in  colour  which  require  and 
deserve  more  attention  than  they  have  y^et  received. 

Now  supposing  Mr.  Proctor  to  be  correct,  it  can  scarcely  be 
doubted  that  the  small  size  of  our  satellite  is  the  cause  of  its 
exeedingly  low  temperature ;  the  whole  of  its  initial  heat  having 
been  lost  in  the  intense  cold  of  space,  the  temperature  of  space^ 
I  believe,  having  been  estimated  at  1 30°  below  zero. 

In  Mars  we  have  a  planet  more  than  double  the  diameter  of  the 
Moon^  and  little  more  than  half  the  diameter  of  the  Earth,  situated 
more  than  half  as  far  again  from  the  Sun  as  the  Earth  is. 

Unless  other  circumstances  have  interfered,  such  a  planet  will 
have  lost  more  of  its  initial  heat  than  the  Earth,  though  less  than 
the  Moon ;  and  accordingly  we  find  near  the  poles  of  Mars,  ice-caps 
much  larger,  in  proportion  to  the  size  of  the  planet,  than  the  ice 
fields  of  our  own  polar  regions. 

"Venus,  nearly  the  same  size  as  the  Earth,  has  a  dense  vaporous 
atmosphere. 

Mercury,  midway  between  the  Moon  and  Mars  in  size,  presents, 
as  might  be  anticipated,  some  resemblance  to  the  Moon.  Messrs. 
De  La  Bue,  Huggins,  and  other  observers,  having  made  out 
markings,  like  the  lunar  craters,  of  a  dazzling  whiteness.  These 
were  seen  very  indistinctly  as  through  a  veil  of  mist.  Indeed  the 
vaporous  envelope  can  always  be  seen  when  the  planet  is  in  transit, 
in  front  of  the  solar  disc.  * 

Considering  the  size  of  Venus  and  Mercury,  we  should  expect 
them  to  have  cooled  below  the  temperature  of  the  Earth,  but  the 
temperature  of  both  these  planets  may  be  maintained  by  their 
proximity  to  the  Sun.  Mr.  Proctor  has  recently  estimated  the 
temperature  produced  by  the  Sun  shining  on  Mercury,  assumed  to 
have  an  atmosphere  of  moderate  extent,  as  far  higher  than  the 
boiling  point  of  water.* 

But  Jupiter  has  a  diameter  of  nearly  89,000  miles,  and  has 
a  volume  three  hundred  times  larger  than  the  Earth.  Beasoning 
from  what  we  know  of  the  condition  of  the  Moon,  Mars,  and  the 

*  Mach  highly  interesting  information  on  this  and  kindred  subject b,  wUl  be  found  in 
Mr.  Proctor's  new  work  on  the  planets,  now  in  the  press,  and  shortly  to  be  issued  by 
Longman  and  Go. 
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Earth,  we  may  imagine,  then,  that  Jupiter  is  still  at  so  high  a 
temperature,  that  water  cannot  remain  in  a  liquid  state  on  his 
surface.  This  suggestion  receives  support  from  the  fact  that  the  mass 
or  specific  gravity  of  Jupiter,  is  but  one  and  a  half  times  that  of 
water. 

We  can  only  measure  the  dense  cloudy  envelope  which  sur- 
rounds the  planet,  and  as  we  do  not  know  the  extent,  or  depth,  of 
this  envelope,  its  measurement  will  give  us  no  clue  to  the  specific 
gravity  of  the  solid  portion  of  the  planet.  At  some  far  distant 
day,  when  the  planet  has  lost  more  of  its  heat,  the  vaporous  en- 
velope will  be  condensed  into  water,  and  the  luminous  disc  will 
doubtless  measure  much  less  than  it  now  does  in  diameter. 
Though  we  cannot  hope  to  detect  such  a  change,  the  records  of 
our  observations  may  enable  the  astronomers  of  the  future  to 
discover  it. 

Saturn,  which  nearly  approaches  Jupiter  in  size,  resembles  him 
in  many  respects. 

Like  Jupiter,  Saturn  has  a  very  low  specific  gravity,  is  greatly 
flattened  at  the  poles,  and  is  covered  with  belts,  the  largest  and 
brightest  of  which  correspond  to  its  equator.  The  Sun,  the  source 
of  all  the  heat  in  our  system,  presents  some  resemblance  to  the  two 
largest  planets.  It  is  certainly  a  coincidence  worth  noting  that  the 
Sun  has  an  equatorial  belt  16°  in  breadth  on  which  spots  never 
appear.  This  corresponds  to  the  bright  equatorial  belts  of  Jupiter 
and  Saturn.  Again,  the  Sun-spots  are  confined  to  two  belts  on 
either  side  of  the  Sun's  equator,  about  12°  in  breadth.  As  a  number 
of  minute  Sun-spots  are  often  to  be  seen,  even  at  the  period  of 
minimum  frequency,  we  may  consider  that  we  have  here  two  dark 
belts  situated  close  to  the  equatorial  bright  belt,  corresponding  to 
the  two  dark  belts  similarly  situated  on  Jupiter  and  Saturn.  Possibly 
the  equatorial  belt  is  always  the  brightest,  and  the  Sun-spot  belts 
are  at  all  times  the  darkest  portions  of  the  solar  disk. 

There  is  good  reason  for  believing  that  there  is  a  periodicity  in 
the  maximum  and  minimum  frequency  of  the  dark  belts  on  Jupiter^ 
and  it  should  be  noted  that  we  have  now  a  maximum  of  dark  belts 
on  Jupiter,  nearly  agreeing  with  a  maximum  of  spots  on  the  Sun. 
Is  there  any  relationship  between  these  phenomena  ? 

Considering  the  distance  of  Jupiter  from  the  Sun,  physicists 
have  suggested  that  the  planet  shines  with  greater  brilliancy  than 
would  be  due  to  the  solar  light  reflected  from  his  surface,  unless 
that  surface  had  altogether  exceptional  reflective  qualities. 

Dr.  ZoUner  calculates  that  Jupiter's  surface  reflects  '62  of  the 
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Kght  which  falls  upon  it,  whereas  our  Moon  reflects  only  '17  of  the 
light  it  receives.  But  Professor  G.  P.  Bond  assigns  a  far  higher 
luminosity  to  Jupiter,  insomuch  that  according  to  his  estimates  the 
planet  actually  gives  out  more  h'ght  than  it  receives. 

Another  suggestion  may  be  made  here.  Sun-spots  are  known 
to  be  periodical,  their  maximum  and  minimum  being  about  eleven 
years  apart.  As  Mr.  Huggins  some  years  ago  observed  the  equa- 
torial belt  of  Jupiter  to  be  of  the  same  ochreish  yellow  as  it  is  now, 
there  is  good  reason  to  suspect  periodicity  in  this  change. 

A  period  of  maximum  of  Sun-spots  is  now  approaching.  Have 
these  two  phenomena  any  relationship  to  each  other  ?  If  so,  why 
should  the  change  in  Jupiter  be  confined  to  its  equator  f  Evidently 
the  coloured  matter,  whatever  it  may  be,  is  for  the  most  part  below 
the  surface  of  the  cloudy  envelope,  for  besides  the  cumulus  clouds 
which  are  constantly  seen  on  the  southern  part  of  the  belt,  the 
whole  of  the  surface  is  mottled  with  white  markings.  These  I  have 
attempted  to  depict  in  the  drawing  now  engraved,  but  any  such 
attempt  can  give  but  a  slight  notion  of  the  complexity  and  beauty 
of  the  reality. 

The  white  cumulus  clouds  on  the  northern  (or  upper  side)  of 
the  yellow  equatorial  belt  have  been  left  behind  by  the  rapid 
rotation  of  the  planet,  the  surface  of  which  at  this  part,  travels  at 
the  rate  of  nearly  30,000  miles  per  hour. 

When  a  change  of  colour  is  in  question  it  might  reasonably  be 
anticipated  that  the  spectroscope  would  afford  us  valuable  informa- 
tion as  to  the  nature  of  the  change.  Mr.  Huggins,  describing  the 
spectrum  of  Jupiter  in  the  ''Philosophical  Transactions  of  the  Royal 
Society'^  for  1864,  states  that  he  has  discovered  several  dark  lines  in 
the  red  portion  of  the  spectrum,  which  do  not  correspond  with 
any  of  the  Praunhofer  lines  in  the  solar  spectrum.  These  dark 
lines  in  Jupiter's  spectrum  are  probably  due  to  an  absorption  of 
some  of  the  solar  rays  in  the  planet's  atmosphere,  taking  place  both 
as  they  enter  and  leave  the  cloudy  envelope. 

But,  supposing  Jupiter  to  be  to  any  appreciable  extent  self 
luminous  they  may  be  due  to  the  presence  of  some  elements  in  the 
planet  which  are  not  present  in  the  Sun  ;  or  these  substances  may 
be  present  in  the  Sun,  and  yet  not  render  their  presence  sensible 
by  absorbtive  action.  If  these  elements  are  in  a  state  of  combustion, 
dark  lines  would  be  produced  by  a  portion  of  the  light  they  emit 
being  absorbed  by  their  own  vapour  in  the  atmosphere  of  the 
planet. 

In  the  spectrum  of  Jupiter  seen  with  a  star  telescope  adapted 
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to  my  12  J-inch  reflector,  the  extra  dark  lines  referred  to  by  Mr. 
Huggins  are  very  conspicuous,  and  it  appears  to  me  that  there  are 
also  extra  dark  lines,  though  much  finer,  in  the  green  portion  of  the 
spectrum  which  is  nearest  to  the  yellow.  Such  lines  may  correspond 
to  the  lines  due  to  vapour  in  our  atmosphere,  which  may  generally 
be  plainly  seen  in  this  portion  of  the  solar  spectrum  when  the  Sun 
is  very  low.  I  thought  it  barely  possible  that  I  should  find  a 
bright  sodium  line  in  the  spectrum,  and  the  yellow  portion  of  the 
spectrum  does  seem  to  me  to  possess  a  disproportionate  brilliancy ; 
but  I  cannot  speak  with  any  confidence  on  this  point.  The 
spectrum  is  too  faint  to  admit  of  very  accurate  observation  or 
measurement.  Contrary  to  what  might  be  anticipated  the  spec- 
trum of  Jupiter  is  fainter  than  the  spectrum  of  a  star  of  the  second 
magnitude.  We  know  from  these  spectrum  observations,  then, 
that  the  great  luminosity  of  Jupiter  is  apparent,  not  real,  and  is 
due  to  the  size  of  his  disc  compared  with  the  fixed  stars.  This  may 
Beem  paradoxical,  but  that  it  is  true  becomes  evident  when  we 
consider  other  instances  in  which  increase  of  size  produces  the 
effect  of  great  brilliancy. 

If  an  observer  looks  at  the  FuU  Moon  with  a  telescope  of  ten  or 
twelve  inches  aperture,  he  will  find  the  glare  of  light  insupportable, 
but  if  he  introduces  a  graduated  diaphragm  into  an  eye-piece  of  the 
kind  contrived  by  Mr.  Slack,  he  will  find  upon  closing  the  moveable 
shutters,  and  thus  limiting  the  field  of  view  to  a  very  small  portion 
of  the  lunar  surface,  that  he  can  examine  details  of  craters  without 
the  slightest  inconvenience.  Tet,  it  is  evident,  that  as  the  aper- 
ture  of  the  telescope  and  the  eye-piece  have  remained  unchanged, 
the  brightness  of  any  part  of  the  image  cannot  have  been 
altered. 

It  will  be  remembered  that  the  presence  of  a  bright  line  would 
be  rendered  difficult  of  detection  by  its  appearing  on  a  bright  con- 
tinuous spectrum,  formed  by  the  reflected  solar  light.  It  may  be 
objected  that  the  reduction  in  brilliancy  of  the  equatorial  belt  is 
incompatible  with  the  presence  of  burning  sodium,  yet  it  may  be 
that  sodium  vapour  will  not  reflect  the  compound  solar  light  so  well 
as  the  bright  cloud  belt  when  it  consists  of  the  vapour  of  water 
only. 

Bright  lines  on  a  continuous  spectrum,  as  discovered  by  Janssen 
and  Lockyer  in  the  chromosphere,  or  solar  envelope,  are  due  to 
the  presence  of  gases  in  a  state  of  ignition. 

Sodium  in  a  similar  state,  if  the  atmosphere  of  the  planet  has 
become  charged  with  its  vapour,  might  produce  only  an  intensifica- 
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tion  of  the  double  D  Fraiinhofer  lines.     Such  an  appearance  may 
easily  escape  recognition. 

I  am  having  an  exceedingly  powerful  spectroscope  constructed, 
in  which  a  novel  method  of  micrometic  measurement  wiU  be 
adopted^  specially  adapted  for  dealing  with  very  faint  objects. 
Should  any  more  positive  results  be  obtained  by  using  this  appara- 
tus, an  account  of  them  will  appear  in  this  journal. 

Meanwhile,  the  planet  should  be  closely  watched.  Mr.  Slack 
detected  the  change  in  the  colour  of  the  belt  probably  as  early  last 
year  as  myself,  using  a  reflector  of  only  six  inches  aperture. 

As  it  will  be  a  matter  of  great  interest  to  determine  when  the 
colour  disappears  from  the  equatorial  belt  of  Jupiter,  the  planet 
should  be  watched  by  those  who  have  a  good  western  view,  so  long 
as  he  remains  in  our  skies.  By  employiag  the  Astronomer  BoyaFs 
admirably  ingenious  eye-piece  for  correcting  the  prismatic  colours 
produced  by  atmospheric  dispersion,  useful  observations  may  be 
made  until  the  planet  is  within  a  few  degrees  of  the  horizon.  By 
diligent  observation,  even  with  telescopes  of  moderate  power,  much 
knowledge  may  yet  be  gained  of  the  planet. 

In  an  admirable  article  which  recently  appeared  in  the  ''  Daily 
News,''  the  following  remark  occurs  : — 

"  One  of  the  most  interesting  features  of  modem  astronomical 
progress  is,  the  attention  which  observers  now  direct  to  phenomena 
which  were  thought,  not  so  many  years  ago,  comparatively  insigni- 
ficant. They  begin  to  recognise  that  there  is  scarcely  a  single 
celestial  phenomenon  which  has  not,  besides  its  direct  significance  a 
meaning  that  lies,  so  to  speak,  beneath  the  surface." 

Observations  of  the  stars,  their  distance,  magnitude,  and 
variability,  necessitate  the  use  of  costly  apparatus  that  requires  con- 
siderable skill  on  the  part  of  the  observer;  but  observations  and 
careful  drawings  of  the  planets,  made  persistently  for  a  series  of 
years,  as  in  the  case  of  Schwabe's  thirty  years'  observations  of  Sun- 
spots — ^may  enable  a  thoughtful  observer  to  discover  some  unsus- 
pected facts  which  will  throw  a  hght  on  the  condition  of  these  other 
worlds. 
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ON    POISONS. 

Bx      F*      B*      BARF  F^      U*  A«f 

(Christ  ColLy  Cambridge), 

ABBifltant  to  Professor  Williamson,  Uniyersitj  College. 

No.  I. 

It  is  difficalt^  if  not  impossible^  to  define  what  a  poison  is. 
There  are  substances  which  are  perfectly  wholesome  when  taken  in 
moderate  quantities^  which^  however^  may  cause  death  when  taken 
in  excess,  and  the  same  substance  may  be  taken  in  the  same  pro- 
portion by  two  people,  in  one,  it  produces  no  eflfect,  but  in  the 
other,  considerable  inconvenience  and  perhaps  very  serious  results. 
Even  among  what  are  generally  recognised  as  poisons,  some  cause 
death  in  small,  others  only  in  large  doses.  If  a  person  drink  largely 
of  cold  water,  when  the  body  is  over-heated,  effects  may  be  pro- 
duced which  resemble  poisoning,  and  even  death  may  ensue,  but 
water  is  not  therefore  a  poison,  for  the  same  quantity,  taken  under 
other  circumstances,  would  prove  harmless.  Again,  substances 
which .  are  in  common  use,  such  as  table  salt^  sulphate  of  mag- 
nesia, have  been  known  to  cause  death,  when  the  quantity  taken 
has  been  excessive.  Dr.  Ghristison  relates  a  case,  which  occurred 
in  London,  of  a  man  who  took  a  pound  of  salt  in  a  pint  of  ale,  and 
died  within  twenty-four  hours.  Also  another  of  a  girl  who  died,  in 
consequence  of  taking  half  a  pound  of  salt  as  a  vermifuge.  The 
same  authority  mentions  the  death  of  a  child,  who  took,  as 
medicine,  two  ounces  of  Epsom  salts,  and  died  within  an  hour. 
The  circumstances  in  this  case  were  investigated  judicially,  and  it 
was  proved  that  the  substance  taken  was  pure  sulphate  of 
magnesia,  which  was  administered  by  the  father,  who  was  ex- 
ceedingly fond  of  the  child.  It  appears,  then,  that  the  state 
of  the  person  taking  a  substance,  or  the  quantity  in  which  it 
is  administered,  may  very  seriously  influence  the  effects  pro- 
duced. That  this  is  the  case  will  be  more  clearly  manifest,  after 
some  of  those  bodies,  which  are  admitted  to  be  poisons,  have  been 
treated  of.  It  is  generally  said  that  a  poison  is  a  substance  which, 
when  taken  in  small  quantities,  has  a  tendency  to  cause  death.  It 
is  true  that  many  poisons  taken  in  very  small  quantities,  destroy 
life,  but  then  there  are  others,  usually  classed  among  poisons, 
which  only  do  so  when  taken  in  tolerably  large  doses.  A  person 
may  die  from  taking  a  quarter  of  a  grain  of  strychnia,  but  it  would 
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require  nearlj  half  an  ounce  of  oxalic  acid  to  produce  the  same 
effect.  Neither  the  smallnesa  nor  the  largeness  of  the  dose  then 
constitutes  a  substance  a  poison^  but  the  action  which  it  has  on  the 
person  taking  it;  if  that  action  be  fatal^  the  poison  is  termed  deadly, 
a  word  which  is  used  in  indictments^  and  which  has  often  given  rise 
to  discussion  as  to  whether  a  substance  was  a  poison  or  not.  For 
instance^  if  a  person^  knowing  that  two  ounces  of  Epsom  salts  had 
caused  deaths  destroyed  the  life  of  another  bj  administering  it  to 
him^  it  could  not  be  said  that  Epsom  salts  was  a  deadly  poison^  for 
it  is  ordinarily  a  wholesome  medicine.  A  case  occurred  at  the 
assizes  at  Norfolk  in  1836,  in  which  two  persons  were  capitally 
indicted  for  having  feloniously  caused  to  be  administered  to  the 
prosecutor,  a  certain  ''  deadly  poison/*  called  sulphate  of  copper, 
with  intent  to  murder  him.  The  counsel  in  defence  argued  that 
sulphate  of  copper  was  not  a  deadly  poison.  In  this  case  the  two 
medical  witnesses,  who  gave  evidence,  differed  in  opinion,  and  the 
result  was,  that  the  prisoners  were  acquitted.  It  has,  however, 
been  decided  by  Mr.  Justice  Erie,  that  such  terms  ought  to  be 
omitted.  We  may  say  generally,  a  poison  is  a  substance  which 
interferes,  more  or  less,  with  the  proper  action  of  some  of  the 
healthy  tissues  of  the  body  ;  and  in  proportion  as  the  derangement 
produced  is  greater  or  less,  so  the  poison  is  more  or  less  danger- 
ous.    And  this  action  is  often  of  two  kinds,  local  and  secondary. 

By  the  term  ''  tissues  of  the  body  '*  is  meant  the  blood,  nerves, 
muscular  fibre,  membranes,  etc.,  and  not  necessarily  organs  which 
are  composed  of  several  of  them.  There  is  a  membrane  lining  the 
stomach,  and  the  whole  of  the  aUmentary  canal,  which  is  called  a 
mucous  membrane.  It  occurs  in  other  parts  of  the  body, — ^in  the 
mouth,  the  nose,  and  lining  the  eyelids.  Certain  poisons  specially 
affect  this  membrane,  although  their  action  is  not  entirely  confined  to 
it.  Others  specially  affect  the  blood,  and  of  this  kind  are  some 
poisonous  gases ;  and  others,  such  as  opium,  prussic  acid,  and  the 
narcotic  poisons,  act  directly  on  the  brain  and  nervous  system. 
Many  poisons  are  used  medicinally. 

The  peculiar  effect  on  the  system  which  strychnia  produces  is 
taken  advantage  of  in  certain  diseases,  and  as  a  remedy  it  is  found 
to  be  very  useful  in  affections  of  the  intestines,  when  their  con- 
tractile power  is  weak,  as  well  as  in  cases  where  there  is  a  want  of 
tone  in  the  muscles,  one  of  the  effects  of  strychnia,  when  taken  in 
poisonous  doses,  being  to  produce  too  great  muscular  activity. 
When,  then,  a  part  of  the  body  is  not  performing  its  functions 
folly,  a  sub^tance^  which  in  its  healthy  condition  would  by  excessive 
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action  cause  its  derangement,  may  be  asefiilly  employed  to  stimu- 
late it  to  healthy  activity.  If  a  person  swallow  strong  hydric- 
sulphate  (oil  of  vitriol),  its  first  action  is  to  destroy  the  surfaces  with 
which  it  comes  in  contact,  and  this  it  does  by  chemical  action,  in  the 
same  way  in  which  it  decomposes  sugar  and  some  other  organic 
bodies,  by  burning  them  ;  that  is,  by  uniling  with  and  abstracting 
from  them  some  of  the  elements  which  enter  into  their  composition. 
This  action  of  hydric-salphate  is  local,  and  if  it  reach  the  stomach  it 
will  destroy  its  coats  in  those  places  where  it  comes  in  contact  with 
it,  so  hindering  it  from  performing  its  functions.  But  then  there 
is  also  another  action  which  is  induced  by  it,  inflammation  is  set  up, 
ulceration  occurs,  and  it  produces  as  secondary  or  remote  effects, 
sometimes  delirium,  epilepsy,  and  lock-jaw,  the  person  often 
dying  in  a  state  of  collapse,  in  convulsions,  and  sometimes  from 
suffocation.  Now,  all  these  effects  may  be  produced  by  natural 
diseases.  These  two  poisons,  strychnia  and  hydric-salphate,  are 
types  of  two  classes.  The  strychnia  sets  up  no  local  mischief, 
whereas  the  oil  of  vitriol  does ;  and  it  is  owing  to  this  local  action 
that  it  acts  as  a  poison,  though  the  immediate  cause  of  death  is  its 
secondary  or  remote  effect. 

From  these  two  examples  of  different  poisons  it  will  be  seen  how 
difficult  it  is  to  frame  a  definition  of  what  a  poison  is.  In  the  first 
case  the  action  is  like  that  which  we  are  accustomed  to  attribute  to 
poisons ;  in  the  latter  similar  effects  might  be  produced  by  what 
are  called  mechanical  means. 

Dr.  Guy  says,  '^A  poison  is  any  substance  which,  when 
applied  to  the  body  externally,  or  in  any  way  introduced 
into  the  system,  without  acting  mechanically,  but  by  its  own 
inJierent  qualities,  is  capable  of  destroying  life.''  This  definition 
is  perhaps  as  good  as  any  which  has  yet  been  given,  and  is  useful 
for  medico-legal  purposes ;  but  as  a  scientific  statement  it  seems 
defective,  as  the  word  inherent  can  hardly  be  said  to  apply  to 
the  action  of  oil  of  vitriol,  which  does  no  more  than  may  be 
produced  by  a  mechanical  injury;  in  fact,  in  cases  where  it  has 
been  swallowed  suddenly,  almost  instantaneous  death  has  been 
caused  by  suffocation,  just  as  would  be  produced  by  getting  a  piece 
of  meat  into  the  windpipe.  Nor  is  it  much  more  easy  to  explain 
the  action  of  poisons.  Of  some,  however,  the  effects  are  more 
manifest  than  of  others. 

Poisons  are  usually  divided  into  three  classes  according  to  their 
action  on  the  body.  This  seems  the  best  system  of  classification  to 
adopt.     If  their   chemical  properties  were  taken  as  a  basis  of  a 
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classification,  we  should  have  bodies  ranged  in  different  groups, 
which  have  a  similar  action  on  the  animal  organs ;  and  as  we  are 
not  considering  them  primarily  from  a  chemical  point  of  view,  but 
from  a  tozicological,  it  seems  but  rational  that  we  should  arrange 
them  according  to  their  tonic  effects.  Therefore  toxicologists 
usually  divide  them  into  three  classes.  First,  irritants — ^mei^Uic, 
non-metallic,  vegetable,  and  animal;  secondly,  narcotics,  which 
are  all  organic  poisons — the  most  important  poisonous  gases, 
carbonic  acid,  carbonic  oxide,  sulphuretted  hydrogen,  and  coal 
gas,  are,  from  their  effects,  classed  with  narcotics — ^and,  thirdly, 
narootico-irritants,  which  are  also  organic. 

The  irritants,  as  their  name  implies,  cause  irritation  or  inflam- 
mation. Their  action  is  at  first  local ;  but  many  of  them  produce 
remote  effects.  The  strong  acids,  such  as  hydric-chloride,*  hydrio- 
nitrate,  and  hydric-sulphate,  belong  to  this  class ;  also  the  alkalies, 
soda  and  potash,  together  with  certain  of  their  compounds,  and  some 
lime  and  baryta  salts.  The  strong  acids,  the  caustic  alkalies,  and 
their  carbonates,  and  some  of  the  metallic  poisons,  destroy  the 
lining  membrane  of  the  mouth,  throat,  stomach,  and  intestines,  as 
well  as  aQy  adjacent  structures  with  which  they  may  come  in 
contact.  They  corrode  them,  and  hence  they  are  termed  corrosives. 
Many  of  these  irritant  poisons  are  taken  up  by  the  blood,  which 
becomes  poisoned,  and  through  it  they  irritate  the  nervous  system. 
Aisenic,  a  well-known  poison  of  this  class,  acts  locally  when  taken 
into  the  stomach,  and  also  remotely  on  the  stomach,  through  the 
blood  by  absorption,  when  it  is  placed  under  the  skin,  or  applied  to 
an  open  wound. 

In  the  case  of  a  Guinea-pig  which  was  poisoned  by  a  grain  of 
white  arsenic  injected  under  the  skin,  the  stomach  was  found  to  be 
highly  inflamed ;  and,  moreover,  the  action  of  the  poison  was  more 
rapid  than  when  the  same  quantity  was  administered  by  the  mouth 
to  a  similar  animal,  under  exactly  similar  circumstances.  As  arsenic 
is  a  good  example  of  an  irritant  poison,  and  is  one  which  is  too 
firequently  employed  by  the  poisoner  or  suicide,  it  will  be  well  to 
Gainfully  consider  its  action,  as  it  is  a  good  type  of  the  class  to 
which  it  belongs.  Arsenic,  or  arsenious  acid,  is  formed  by  the 
union  of  the  metal  arsenic,  or  arsenicum,  with  oxygen  gas,  in  the 
proportion  by  weight  of  1 50  parts  of  arsenicum  to  48  parts  of  oxygen. 
It  is  usually  met  with  as  a  white  heavy  powder,  almost  tasteless ; 
it  is,  however,  said  to  be  sweetish.    It  is  also  found  in  flat  solid 

•  Common  namee,  muriatio  or  hydroohlorio  acid,  aqtiafoitis  or  sitrio  add,  oil  of 
vitriol  or  mlphiirio  add. 
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masses  which  are  formed  by  sublimation ;  these  lumps  are  at  first 
almost  transparent,  but  after  a  time  become  opaque,  and  then  have 
the  appearance  of  white  porcelain,  but  more  transparent  in  some  parts 
than  in  others.     Arsenious  acid  is  only  slighly  soluble  in  cold  water. 
The  two  varieties  diflFer  in  degrees  of  solubility,  the  transparent 
being  said  to  be  the  more  soluble.     Boiling  water  dissolves  about 
twelve  per  cent  of  the  powder.     Organic  matter  mixed  with  water 
hinders  its  solution,  and  this  fact  has  important  bearing  upon  its 
poisonous  action,  for  if  less  be  dissolved,  less  will  be  able  to  pass 
into  the  system,  as  it  is  only  in  the  form  of  a  solution  that  it  can 
pass  into  the  blood.     Arsenic  has  so  slight  a  taste  that  it  may  be 
swallowed  without  the  knowledge  of  the  person  taking  it ;  hence  it 
is  the  most  common  poison  employed  for  the  commission  of  murder. 
In  1851,  an  act  was  passed  to  limit  the  sale  of  arsenic,  and  the 
number  of  deaths  caused  by  it  consequently  diminished.     In  the 
years  1837  and  1838,  543  deaths   occurred  from  poison,  and  out 
of  them  185  were  caused  by  arsenic.  In  the  years  from  1852  to  1856, 
27  persons  only  died  from  taking  it  each  year  out  of  268  who  died 
by  poison.     In  1837  and  1838,  the  proportion  was  one  in  three, 
and  in    the   later  years   one   in  ten.*     Since  the   Act   of   Parlia- 
ment passed  in  1851,  arsenic  cannot  be  sold  in  small  quantities, 
unless  it  be  mixed  with  some  colouring  matter,  such  as  soot,  indigo, 
or  ultramarine,  and  it  is  only  sold  in  large  quantities  to  persons  who 
are  well  known  to  the  seller.     Arsenic,  or,  as  it  is  commonly  called, 
white  arsenic,  is  not  the  only  form  in  which  this  poison  occurs  in 
commerce.  There  are  certain  pigments  which  contain  arsenicum.  The 
paint  called  king^s  yellow,  well-known  as  the  opaque  yellow  of  the 
water-colour  box,  is  a  mixture  of  arsenious  sulphide  and  arsenic, 
emerald  green,  Scheele's  green,   Schweinfurt  green,  are  chemical 
compounds  of  copper  and  metallic  arsenic.     They  are  generaUy  em- 
ployed to  produce  the  brilliant  greens  in  room  papers.  There  is  also  a 
blackish  powder  called  "fly-poison,''  which  is  formed  when  the  metal 
arsenic  is  exposed  to  moist  air,  it  is  most  probably  a  mixture  of 
the  metal  with  arsenious  acid.     Arsenic  is  also  used  as  a  medicine, 
and  is  generally  united  with  an  alkali,  as  in  liquor  arsenicalis  or 
Fowler's  solution,  which  contains  arsenite  and  carbonate  of  potash. 
There  are  four  grains  of  arsenious  acid  in  the  fluid  ounce.     It  is 
dissolved    in    hydric-chloride    in    liquor    arsenici    hydrochloricus. 
Arseniate  of  soda,  and  arseniate  of  iron,  are  also  used  in  medicine. 
The  first  of  these  preparations  is,  however,  the  most  important. 
The  compound  of  arsenic  and  hydrogen  in  gaseous  bodies  is  highly 

*  These  nnmbers  are  taken  from  Dr.  Gtay*B  **  Forensic  Medicine." 
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poisonous ;  it  is  commonly  called  arseniuretted  hydrogen,  ifc  is  found 
wherever  arsenic  is  present  in  a  mixture  from  which  hydrogen  is 
being  liberated.  Arsenic  is  a  constant  impurity  of  common  oil  of 
vitriol,  which  is  generally  used  with  zinc  for  the  evolution  of  hydrogen 
gas.  If  much  arsenic  be  present  in  the  oil  of  vitriol  it  will  all  pass 
off  combined  with  hydrogen,  and  has  in  some  cases  proved  fatal. 
The  higher  oxide,  called  arsenic  acid,  in  which  the  metal  and 
oxygen  are  combined  in  the  proportion  of  1 50  parts  of  arsenic  to  80 
parts  of  oxygen,  is  far  more  soluble  in  water  than  common  arsenic ; 
but  Dr.  Taylor  says  that  he  never  heard  of  its  being  used  as  a 
poison.  Some  have  doubted  whether  the  sulphides  of  arsenic  have 
poisonous  properties.  There  are  three  sulphides,  two  of  which  are 
found  native.  They  are  the  red,  which  is  called  realgar;  the  yellow, 
which  is  called  orpiment;  and  the  penta  sulphide,  which  is  only 
obtained  artificially.  A  sulphide,  arsenioas  sulphide  which  has  the 
same  chemical  composition  as  orpiment,  containing  150  parts  of 
arsenicum  to  90  parts  of  sulphur,  is  obtained  artificially  by  the  action 
of  sulphuretted  hydrogen  on  an  acid  solution  of  arsenic. 

Native  sulphides  are  less  poisonous  than  those  which  are  arti- 
ficially prepared ;  and  the  idea  that  they  are  not  poisonous  at  all 
was  strengthened  by  the  experiments  of  Hoffman  and  Regnault, 
who  administered  them  to  dogs,  and  other  animals,  without  pro- 
ducing any  derangement.  But  the  poisoning  of  Mrs.  Smith,  of 
Bristol,  recorded  in  Beckys  "Medical  Jurisprudence,''  clearly 
establishes  their  poisonous  character.  This  lady,  shortly  after 
coming  to  lodge  with  a  Mrs.  Burdock,  caught  cold,  and  took  some 
gruel,  which  her  landlady  gave  her.  In  a  short  time  she  was  taken 
very  ill,  and  suffered  from  violent  pain.  No  medical  assistance  was 
summoned,  and  she  died  in  about  an  hour.  Her  burial  was  private. 
This,  and  other  causes,  excited  suspicion,  and  investigations  were 
made  which  led  to  the  discovery  of  poison  in  her  body,  and  this 
poison  was  sulphide  of  arsenic.  The  examination  was  conducted 
by  Mr.  Herapath,  of  Bristol,  who  clearly  proved  the  presence  of 
both  sulphur  and  arsenic,  and  it  was  subsequently  discovered  that 
Mrs.  Burdock  had  tried  to  obtain  arsenic  from  a  druggist,  but  he, 
not  having  any  in  stock,  gave  her  the  sulphide  instead.  The  know- 
ledge of  the  poisonous  properties  of  this  substance  should  make  per- 
sons careful  in  the  use  of  any  compounds  which  contain  them,  such 
as  colours,  which  may  fall  into  the  hands  of  children,  or  be  incau- 
tiously applied  to  the  lips  or  tongue,  either  in  the  cake,  or  as  is 
more  commonly  the  case,  by  means  of  the  brush.  A  considerable 
amount  of  alarm  was  caused  some  time  ago  by  accounts  of  serious 
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disorders  being  produced  by  green  room  papers.     The  author  had 
several  samples  of  paper  sent  him  for  analysis^  in  all   of  which 
arsenic  was  found.    By  his  advice  the  papers  were  allowed  to  remain 
on  the  walls,  and  in  order  to  prevent  any  escape  of  arsenic  into  the 
rooms,  they  were  sized  over,  so  as  to  completely  prevent  the  colour 
from  coming  off.     Cheap  room  papers,  where  the  colours  are  not 
properly  fixed,  are  no  doubt  bad,  because  small  particles  containing 
arsenic  can  be  rubbed  off,  and  these  floating  about  in  the  air  in  a 
state  of  very  fine  division  may  be  inhaled,  or  persons  may  very 
easily  get  some  of  the  powder  on   their  hands,   and  incautiously 
convey  it  to  their  mouths.     Dr.  Basedon  asserts  that  if  Scheele^s 
green  be  used  in  painting  apartments,  it  may  give  rise  to  a  dan- 
gerous evolution  of  arseniuretted  hydrogen  gas,  under  the  influence 
of  moisture.      It  requires  experimental  proof  to  demonstrate  the 
truth  of  this  assertion.      It  is  not  at  all  probable  that  a  body  of  its 
composition  would  be  decomposed  in  this  way.     Moreover,  the  oil 
used  with  the  paint  would  prevent  the  action  of  water  upon  it.    The 
compounds  of  arsenic,  used  as  pigments,  are  not  volatile  except  at 
a  very  much  higher  temperature  than  that  to  which  they  could, 
under  the  circumstances,  be  exposed,  so  that  no  fear  need  be  felt  in 
employing  them.     When  arsenic  is  taken  internally,  by  the  mouth, 
its  first  action  is  to  produce,  after  a  short  time,  a  burning  sensation 
in  the  stomach  and  vomiting ;  there  is  also  a  painful  sensation  of 
constriction  about  the  throat,  accompanied  by  great  thirst.     The 
heart  beats  violently,  the  pulse  is  quick,  there  are  cramps  in  the 
legs,  and  twitchings  in  the  muscles.     The  eyes  smart,  and  there  is 
pain  in  the  head.       There  is   great   tenderness   over  the   whole 
abdomen.     If  the  dose  taken  be   sufficient  to  destroy  life  quickly^ 
the  person  generally-  dies  in  a  state  of  coma ;   that  is,  the  nervous 
system  is  affected,  and  ceases  to  influence  the  movements  of  the 
muscles,  so  that  respiration  and   the  circulation  of  the  blood  are 
impeded.     The  mind,  in  very  many  cases,  remains  perfectly  clear 
throughout  the  attack.     If  the  action  of  the  poison  be  slow,  febrile 
Sjrmptoms  come  on,  and  after  a  time  death  occurs,  accompanied  by 
convulsions.     Or  if  the  dose  taken  be  hardly  sufficient   to  cause 
death,  or  if  from  treatment  its  effects  have  been  mitigated,  still  it 
often  leaves  behind  an  impaired  digestion,  and  other  disarrange- 
ments of  the  system,   which  may  last  through  life.      The  action 
of  arsenic,  however,  seems  to  be  very  different  in  different  persons ;  in 
some  it  acts  very  rapidly,  in  others  more  slowly.    The  first  symptoms 
generally  come  on  in  about  an  hour  after  the  poison  has  been  taken, 
but  a  case  is  recorded  in  which  they  began  in  fifteen  minutes. 
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another  in  which  they  occurred  in  ton  minntes.  Then  they  may  be 
delayed  as  long  as  two  hours.  A  case  is  given  in  "  Beckys  Medical 
Jurisprudence,^'  which  was  communicated  by  Mr.  Macaulay,  of 
Leicester,  where  an  individual  took  the  poison  at  eight  in  the  evening, 
went  to  bed  at  half-past  nine,  and  slept  till  eleven,  when  he  woke 
with  sUght  pain  in  the  stomach,  vomiting,  and  cold  sweats.  In  this 
case  the  quantity  taken  was  seven  drachms,  and  death  took  place 
in  nine  hours. 

Our  space  will  not  admit  of  our  pursuing  this  part  of  the  subject 
further,  or  of  citing  more  of  the  many  instances  on  record  of  the 
action  of  this  deadly  poison.     What  quantity  of  arsenic  is  neces- 
sary to  cause  death  f     Dr.  Taylor  says,  the  smallest  fatal  dose  of. 
arsenic  in  solution  is  stated  to  have  been  four   grains  and  a  half; 
it  was  taken  by  a  child  who  died  in  four  hours  and  a  half.     Dr. 
Guy  mentions  a  case  in  which  two  and  a  half  grains  proved  fatal  to 
a  strong  healthy  girl  of  nineteen ;  there  are  cases  on  record  in  which 
two  grains  have  given  rise  to  very  alarming  symptoms ;  and  there 
are  also  others,  where  persons  have  recovered  after  taking  half  an 
ounce,  or  even  an  ounce  of  white  arsenic.    No  doubt  the  conditions 
under  which  it  is  taken,  either  tend  to  promote  or  retard  its  effects. 
When   taken  fasting  and  in  solution  it  acts  more  perfectly  and 
rapidly;  when  taken  on  a  full  stomach  it  is  uot  dissolved,  and  may 
pass  away  without  causing  much  inconvenience,   even  when  taken 
in  tolerably  large  doses.     The  usual  treatment  adopted,  is  to  empty 
the  stomach  as  quickly  as  possible  by  means  of  emetics,  such  as 
large  draughts  of  warm  water,  or  warm  salt  and  water ;  tickling 
the  throat  with  a  feather  also  promotes  this  action.     If  ipecacuanha 
is  at  hand  it  should  be  given,  the  substance  known  as  tartar  emetic 
should   not  be  given,  for  reasons  which  will  be  explained  when 
antimony  is  treated  of.      In  all  cases  of  poisoning,  medical  assistance 
should  be  obtained  at  once,  but  in  the  mean  time  the  remedies 
already   mentioned  may  be   used — ^there   are   certain    substances 
which  are  regarded  as  antidotes,  though  there  is  no  very  strong 
evidence  to  prove  that  they  are  eflScient — the  hydrated  sesquioxide 
of  iron,  which  can  be  readily  prepared  by  adding  ammonia  to  a 
solution  of  the  sesquichloride  or  sesquisulphate,  is  supposed  to  form 
a  chemical  compound  with  arsenious  acid,  which  is  insoluble  and 
innoxious.     Freshly  precipitated  magnesia  obtained  by  adding  a 
solution  of  potash  to  the  sulphate,  or  calcined-magnesia  have  been 
given  as  antidotes,  these  two  latter  substances  can  be  easily  obtained 
and   might  be   given  immediately,   before   medical   aid   could  be 
obtained^  if  it  were  known  that  the  poison   taken  was   arsenic. 
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Before  concluding  these  remarks  on  the  action  of  arsenic^  it  Beems 
necessary  to  mention  that  there  is  a  form  in  which  arsenic  enters 
into  articles  of  commerce,  where  it  may  produce  very  unpleasant^ 
if  not  serious  consequences.  Candles  of  a  particular  kind  contain 
arsenic^  and  when  they  burn  they  must  give  off  fumes  of  the  oxide 
which  is  very  volatile^  and  may  be  easily  inhaled.  Arsenious  acid 
has  the  property  of  preserving  animal  matter  from  decay  for  a 
considerable  length  of  time.  It  is  often  used  for  this  purpose  when 
the  substances  to  be  preserved  are  not  required  for  use  as  articles  of 
food.  It  has  been  found  that  the  bodies  of  persons  poisoned  by 
arsenic  have  for  a  long  time  remained  uncorrupted.  An  individual 
died  at  Bourg,  in  France,  in  1822,  and  was  disinterred  in  1829. 
The  body  was  entire,  the  internal  parts,  however,  had  suffered  from 
decay.  They  were  submitted  to  analysis^  and  arsenic  was  found. 
The  body  of  a  person  was  disinterred  three  years  after  burial,  it  was 
in  a  state  of  remarkable  preservation ;  on  being  opened,  there  were 
no  noxious  matters  discovered,  but  on  further  examination,  arsenic 
was  proved  to  have  been  the  cause  of  death. 

In  poisoning  by  arsenic  the  symptoms  are  generally  so  well 
marked,  and  are  so  combined,  that  it  is  not  easy  to  confound  it 
with  or  mistake  it  for  natural  disease,  their  occurrence  shortly 
after  taking  food,  the  diflSculty  of  swallowing,  the  pains  which  affect 
different  organs  of  the  body,  and  the  nervous  symptoms,  all  tend  to 
show  that  the  attack  from  which  the  person  is  suffering  does  not 
arise  from  natural  causes.  We  have  now  to  consider  perhaps  the 
most  important  branch  of  our  subject,  the  methods  used  in  detect- 
ing poisons.  First  it  is  necessary  to  discover,  if  possible,  whether 
a  substance,  of  which  a  person  has  partaken,  is  a  poison  or  not. 
Suppose  the  case  of  a  man  suddenly  attacked  with  pain  and  show- 
ing symptoms  which  lead  to  the  suspicion  that  he  has  been 
poisoned,  one  would  naturally  inquire  what  food  he  had  taken 
last,  and  if  any  of  the  remains  of  it  could  be  found,  they  should 
be  submitted  at  once  to  such  tests  as  might  prove  whether  they 
contained  a  poison  or  not.  The  symptoms  would  to  a  great  extent 
guide  the  inquirer  as  to  what  poison  should  be  first  sought  for, 
and  if  its  nature  could  be  detected,  it  would  regulate  the  method 
of  treatment  to  be  adopted.  Hence  it  is  that  the  study  of  toxi- 
cology practically  is  so  important  to  the  medical  practitioner. 

After  death,  if  it  is  suspected  that  poison  has  been  administered, 
an  analysis  of  various  parts  of  the  body  is  ordered  by  the  coroner  to 
be  made,  and  this  work  is  generally  entrusted  to  a  professed  toxi- 
cologist,  and  rightly  so,  because  the  knowledge  required  to  conduct 
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Buch  examinations  can  only  be  acquired  by  great  practical  expe- 
rience. But  the  testing  of  simple  substances  without  complications 
is  not  difficult  for  one  who  has  a  tolerable  practical  knowledge  of 
chemistry.  It  will,  perhaps^  be  better  to  describe  the  method 
employed  in  testing  for  arsenic^  and  then  to  show  how  it  may  be 
applied  in  various  cases.  In  treating  of  the  different  well-known 
poisons^  it  seems  advisable  to  give  at  the  conclusion  of  each  the 
various  chemical  reactions  by  which  it  may  be  identified.  The  metal 
arsenic^  or  arsenicum  (which  in  the  metallic  state  is  not  poisonous, 
as  has  been  proved  by  the  experiments  of  Regnault),  is  of  a  grey 
colour ;  it  has  a  brilUant  metallic  appearance,  when  in  mass  it  easily 
breaks  up  into  small  particles ;  when  sublimed  by  heat,  if  the  deposit 
be  received  on  glass,  it  is  generally  bright  and  causes  the  glass  to 
have  somewhat  the  appearance  of  a  mirror,  only  that  it  looks  darker 
than  an  ordinary  one.  Its  vapour  has  a  peculiar  smell,  which  has 
been  compared  to  that  of  garlic,  and  is  termed  alliacious.  Such  a' 
description  would  hardly  enable  a  person  smelling  it  for  the  first 
time  to  identify  it.  It  is  impossible  to  convey  a  definite  idea  of  an 
odour  in  words,  it  must  be  smelt  to  be  appreciated.  Arsenicum 
oxidizes  in  moist  air  slowly,  and  rapidly  when  heated  in  air ;  its 
vapour,  therefore,  is  poisonous  if  it  escape  into  air ;  and  in  the  solid 
state  it  becomes  poisonous  also,  if  the  air  be  moist.  In  all  poisoning 
cases,  when  arsenic  is  sought  for,  it  should  be  produced  in  the 
metallic  state.  It  has  already  been  stated  that  the  sulphide  of 
arsenic  is  a  yellow  solid,  and  that  it  is  obtained  by  causing  sulphu- 
retted hydrogen  (a  gas  formed  by  the  union  of  sulphur  with  hydrogen) 
to  act  upon  a  solution  of  arsenic,  and  that  this  solution  should  be 
acid. 

In  examining  a  solution,  the  first  step  is  to  render  it  acid  with 
hydric-chloride,*  and  then  to  saturate  it  with  sulphuretted  hydro- 
gen, that  is,  pass  in  the  gas  till  no  further  precipitate  is  formed. 
In  this  way  the  arsenic  is  all  got  out  of  the  liquid ;  and  one  proof 
that  it  is  arsenic,  is  that  the  precipitate  is  yellow.  No  great  depen- 
dence, however,  can  be  placed  on  this,  as  circumstances  sometimes 
arise  which  considerably  modifiy  the  colour  of  precipitates.  The  next 
step  is  to  carefully  dry  a  portion  of  the  precipitate,  and  having 
mrsed  it  with  potassic  cyanide  and  sodic  carbonate,  to  heat  it  care- 
fully in  a  long  thin  glass  tube,  called  a  reduction  tube.  In  a  short 
time  a  metallic  ring  will  be  formed  in  the  tube  just  above  the 
mixture  which  has  been  heated,  and  this  ring  is  one  of  metallic 
arsenic,  the  changes  which  have  taken  place  are  too  complicated 

*  Muriatic  or  hydrochloric  acid. 
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to  be  explained  here.  Another  part  of  the  sulphide  is  to  be  treated 
with  amnionic  sulphide  which  will  dissolve  it,  if  it  be  arsenious  sul- 
phide. Again  a  part  should  be  treated  with  amnionic  carbonate 
which  will  also  dissolve  it.  The  use  of  these  reactions  will  be  better 
understood  when  we  consider  the  examination  for  other  metallic 
poisons.  The  remainder  of  the  precipitate  should  be  gently 
heated  with  a  mixture  of  hydric-chloride  and  hydric-nitrate, 
and  evaporated  nearly  to  dryness;  a  little  additional  hydric- 
chloride  and  distilled  water  must  be  added,  and  the  solution  is 
to  be  used  in  the  manner  to  be  described  presently.  In  speaking 
of  arseniuretted  hydrogen,  it  was  stated,  that,  when  arsenic,  or  a 
salt  of  arsenic  is  placed  in  a  vessel  where  hydrogen  is  being 
generated,  the  arsenic  unites  with  the  hydrogen,  forming  arseniuret- 
ted hydrogen.  If  now  the  liquid,  obtained  by  heating  the  sulphide 
with  hydric-nitrate,  and  hydric-chloride,  be  poured  into  a  suitable 
apparatus,  where  hydrogen  is  being  evolved,  then  arseniuretted 
hydrogen  will  pass  off,  and  if  led  through  a  glass  tube  with  a  small 
orifice  at  the  end,  where  it  escapes,  it  can  be  lighted,  and  will  bum 
with  a  peculiar  lurid  flame,  which  is  highly  characteristic.  When 
a  white  plate  is  held  in  the  flame  from  a  common  gas  burner,  a  black 
deposit  is  formed ;  this  is  because  the  gas  is  partially  decomposed 
into  carbon  and  hydrogen ;  its  constituents,  the  hydrogen — bums^ 
but  some  of  the  carbon  is  deposited  as  soot.  If  a  piece  of  cold 
porcelain  be  held  in  the  burning  arseniuretted  hydrogen,  a  black 
spot  will  be  formed  on  it,  because  the  arsenic,  like  the  carbon  in  the 
coal  gas,  is  deposited. 

A  further  proof  that  it  is  arsenic,  is  obtained  by  treating  the 
black  spot  with  a  solution,  made  by  dissolving  chloride  of  lime, 
(common  bleaching  powder)  in  water,  when  it  will  disappear  com- 
pletely, through  its  solution  in  the  liquid.  If  the  tube,  through 
which  the  arseniuretted  hydrogen  is  passing,  be  made  red  hot  in 
one  particular  place,  a  short  distance  from  that  spot,  and  nearer  the 
end  of  the  tube  where  the  gas  escapes,  a  dark  metallic  deposit  will 
be  found  in  the  tube  in  the  form  of  a  ring,  and  this  is  a  deposit  of 
metallic  arsenic  produced  by  the  decomposition,  by  heat,  of  the 
arseniuretted  hydrogen.  When  arseniuretted  hydrogen  gas  is  led 
into  a  solution  of  argentic  nitrate  (nitrate  of  silver),  a  black  pre- 
cipitate is  formed,  and  arsenious  acid  is  in  the  solution.  If  the 
liquid  now  be  filtered  off,  it  will  contain  arsenious  acid,  argentic 
nitrate,  and  hydric  nitrate,  and  if  it  be  made  neutral  with  very 
dilute  ammonia,  a  precipitate  of  yellow  arsenite  of  silver,  will  be 
thrown  down.     This  is  a  most  distinctive  test,  and  one  on  which 
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great  reliance  can  be  placed.     It  is  clear  then  that  if  all  the  re- 
actions, above  described,  be  produced  by  a  given   substance,  no 
doubt  whatever  can  be  entertained  but  that  it  is  arsenic.    All  these 
tests,  and  even  more  than  these,  should  be  performed  before  a 
toxicologist  gives  his  opinion  that  the  substance  submitted  to  him 
for  examination  contains  arsenic.    The  test  in  which  arseniuretted 
hydrogen  is   employed^    is  known  by   the  name  of  Marsh's  test. 
Beinsch^s  test,  which  is  well-known,  is  founded  on  the  principle 
that  a  metal,  which  is  chemically  more  active  than  another,   is  able 
to  displace  it  firom  its  combinations.     Copper  is  chemically  more 
active  than  arsenic.   When  then,  a  solution  containing  arsenic,  after 
having  been  acidulated  with  about  one-fourth  of  its  bulk  of  hydric* 
chloride,  is  boiled  with  a  piece  of  bright  copper  wire  gauze,  in  a  short 
time  a  deposit  is  thrown  down  on  the  copper,  which  is  more  or  less 
metaUic-looking  according  to   the   quantity    of  the  arsenic    pre- 
sent in  the  solution.     Other  metals  besides  arsenic  are  precipitated 
on  copper  under  the  same  circumstances ;  therefore  the  deposit  has 
to    be   submitted  to  farther  examination.      The  piece  of  copper 
with  the  deposit  on  it  should  be  carefully  dried  in  blotting  paper, 
and  then  placed  in  a  long  narrow  glass  tube  open  at  both  ends,  the 
tube  should  be  made  red  hot  at  the  place  where  the  copper  is,  and 
air  passing  through  the  tube  will  meet  with  the  metal  arsenic  (which 
being  volatile)  will  be  driven  by  heat  from  the  copper,  and  the 
result  will  be  the  oxidation  of  the  arsenic,  for  it  will  be  remembered 
that  arsenic  is  readily  oxidized  when  heated  in  air,  or  free  oxygen  ; 
the  substance  formed  will  be  arsenious  acid,  which  will  be  deposited 
on  the  inside  of  the  tube  in  small  bright  colourless  crystals.     If  the 
piece  of  tube  containing  these  crystals  be  cut  off,  and  boiled  in  a 
small  quantity  of  distilled  water,  a  solution  of  arsenious  acid  will  be 
obtained,  which  can  be  submitted  to  some  of  the  tests,  which  have 
been   before  described.     Beinsch's  test,   however,  is  not,  on   the 
whole,  satisfactory,  and  should  never  be  relied  on  alone.    In  a  future 
article,  the  treatment   of  arsenic   and   other   metallic  poisons   in 
organic  mixtures  will  be  described,  as  also  the  method  of  testing 
for  poisons,  when  they  are  found  in  powder  or  in  the  dry  state. 
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THE     DIVINING-ROD, 

AN  HISTOKICAL  SKETCH. 
BY    HENET    WHITE,    PH.D. 

When  a  boy  at  school  I  used  to  spend  my  summer  holidays  with 
an  uncle,  a  farmer,  on  the  borders  of  Hampshire  and  Wiltshire,  afar 
more  agreeable  mode  of  spending  the  time  than  conjugating  verbs  in 
fiL,  or  hearing  the  Pius  ^neas  '^infandum  renovare  laborem '^  to 
Queen  Dido.  One  day  I  saw  a  little  group  of  people  on  the  other 
side  of  the  valley,  walking  apparently  in  procession.  At  once  I 
scampered  oflF through  brake  and  briar  to  learn  what  it  meant;  but 
all  I  can  remember  was  a  man  walking  about  two  yards  ahead  of  the 
others,  holding  a  forked  hazel  stick  in  his  hand,  and  dodging  about 
in  a  very  eccentric  manner.  I  was  told  afterwards  that  he  was  old 
Jem  Brown,  ex-poacher,  etc.,  who  lived  "  down  street,*^  and  that 
he  was  "  water  seeking.'^     This  was  about  the  year  1826. 

About  six  years  later  I  became  intimale  with  a  family  in 
Worcestershire,  one  of  the  members  of  which  was  said  to  possess 
this  ^'  water- finding  '^  faculty.  I  heard  of  instances  in  which  the 
young  lady's  skill  had  been  tried,  but  never  witnessed  an 
experiment. 

These  are  the  latest  examples  I  know,  of  the  long-continued  belief 
in  the  virtues  of  the  divining-rod.  These  virtues  may  be  (and 
probably  are)  imaginary,  the  adepts  may  be  cunning  tricksters,  but 
every  now  and  then  some  new  ^vitness  comes  forward  with  fresh  in- 
stances, that  almost  shake  our  scepticism.  In  the  '^  American 
Journal  of  Science ''  (vol.  iii,,  1821,  pp.  102-104),  is  a  letter  from  the 
Rev.  Ralph  Emerson,  containing  an  account  of  several  '^  well- 
authenticated  facts ''  on  the  use  of  "  mining-rods,^'  as  they  were 
called.  He  relates  how  an  old  schoolfellow  (Rev.  Mr.  Steele  of 
Blomfield,  N.Y.),  had  called  upon  him  a  few  weeks  before,  and  in 
the  course  of  conversation  had  mentioned  that  the  rods  would 
"work''  in  his  hands.  He  was  put  to  the  proof.  A  peach-twig 
was  procured  which  bent,  and  often  ^'  withed "  down  from  an 
elevation  of  45°  to  a  perpendicular  over  certain  spots,  and  when 
these  had  been  passed,  it  assumed  its  former  elevation.  Mr.  Steele 
succeeded  in  tracing  a  subterraneous  current  of  water  up  to  the 
spring,  marking  out  the  line,  crossing  back  and  forth,  just  as  a  dog 
seeks  out  his  master's  track.  "  The  result,  however  inexplicable, 
removed  all  my  doubts,"  says  Mr.  Emerson,  who  continues  his 
letter  by  describing  what  he  had  seen  in  the  S.E.  part  of  New 
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Hampshire^  '^  where  these  rods  have  been  in  practical  use  for  a  year 
or  two  past^  in  fixing  on  the  best  places  for  wells/^  He  did  not 
witness  any  experiments^  but  was  told  of  several,  particularly  of  a 
farmer  who  was  advised  to  sink  a  well  at  a  particular  spot.  The 
latter  wishing  to  spare  a  favourite  tree,  dug  a  little  on  one  side  of 
the  spot  indicated,  but  could  not  reach  water.  He  complained  to 
the  water-seeker,  who  stuck  to  his  text,  and  the  farmer  rooting  up 
the  tree,  found  water  at  the  specified  depth.  The  editor  (Mr. 
Benjamin  SiUiman)  expresses  his  scepticism,  adding,  that  he  had 
''never  seen  any  experiments;^'  but  that  when  "attested^'  by 
such  authority  as  that  of  the  Rev.  Mr.  Emerson,  ''  they  will  ever 
command  our  ready  attention.^' 

In  the  first  volume  of  the  ''  Archiv  der  Medizin  ^'  (Aarau,  1816, 
p.  56),   there  is  an  account  of  one  Catherine   Beutler,  who  was 
travelling  through  Switzerland  under  the  care  of  Captain  Hippen- 
meyer,    who  (as  Oken  informs  us  in  his  Journal,  "Isis,^^  1818,  col. 
140)  was  a  nephew  of  the  great  Vienna  banker,  of  that  name,  and 
*'  consequently  not  a  person  likely  to  speculate  with  her  abilities.^' 
She  pointed  out  two  spots  where  water  would  be  found,  and  it 
really    was  found  in  both  instances.     When  she  was  over  places 
where  minerals  are  situated,  she  became  very  pale,  was  attacked 
with  spasms,  and  appeared  unable  to  breathe,  while  a  heavy  perspi- 
ration broke  out  on  her  face  in  large  drops.     All  the  symptoms 
vanished  as  soon  as  she  moved  to  a  place  beneath  which  there  were 
no  minerals.    As  soon  as  the  symptoms  appeared,  she  took  a  forked 
divining-rod  made  of  whalebone,  which  she  grasped  firmly ;  the  fur- 
ther end  moving  towards  her  until  she  had  reached  the  boundary  of 
the  hidden  strata.    Several  tests  made  unexpectedly,  and  in  different 
places,  confirmed  (if  we  may  credit  the  "Archiv'^)  the  correctness 
of  the  woman^s  power  to  find  both  water  and  minerals.     This  case 
attracted  the  attention  of  Oken,  who  treated  it  seriously,  believing 
however,   that  the  known  facts  were  as  yet  insufficient  to  guar- 
antee her  good  faith.     In  Alsace  there   existed  a  Bhabdomantio 
Society,  who  believed  so  firmly  in  Catherine  Beutler's  powers,  that 
they  petitioned  the  king  of  Wurtemburg  to  employ  her  services  for 
the  discovery  of  coal,  etc.,  in  his  states.     The  king  consented,  but 
whether  she  was  successful  or  not  I  cannot  say,  as  the  experiment 
had  not  been  made  when   Oken  wrote.     Catherine  is  described  as 
being  a  very  robust  healthy  woman,  able  to  work  hard,  and  not  at 
all  nervous.     She  also  professed  to  be  able  to  cure  diseases  by 
certain  movements  of  her  hand  and  fingers.     "  Those  may  believe 
this  who  likes,''  says  Oken,  "  I  will  say  nothing  about  it."     Gilbert 
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mentions  Catherine  Beutler's  case  (Journal,  vol.  Ix.,  1819,  p.  323), 
and  expresses  his  sorrow  that  *'  a  real  physiJcer  had  not  watched  the 
experiments.  Zschokke,  who  drew  up  the  reports,  and  believes  in 
her  powers,  is  an  honest  historian,  but  not  phyeiker  enough  to  be 
able  to  judge.'*  Pryce  in  his  "  Mineralogia  Comubiensis,'*  gives 
several  instances  in  which  lodes  were  discovered  by  means  of  the 
rod ;  few  of  them,  however,  turned  out  profitable,  the  rod  dipping 
equally  to  a  rich  as  to  a  poor  lode.  A  person  assured  me  (says  Mr. 
W.  Phillips),  that  by  the  accidental  use  of  the  rod,  in  a  place  where 
he  did  not  expect  that  it  would  have  been  acted  upon,  namely,  in 
his  own  shop — ^he  discovered  a  lode  which  is  now  working  under 
the  town  of  Redruth.  * 

AM  these  examples  belong  to  the  present  century.  Let  us  now 
go  back  a  little  farther,  and  trace  the  history  of  the  rod — ^not,  as  the 
Jesuit  M^nestrier  does,  from  Jacob's  "  rods  of  green  poplar,  and  of  the 
hazel  and  chesnut  tree,''  nor  from  Aaron's  rod,  which  worked  such 
wonders  among  the  Egyptians — but  from  the  time  of  Dame  Martine 
de  Bertereau,  Baroness  of  Beausoleil,  who  published  a  little  work  in 
1632,  in  which  is  contained  a  list  of  one  hundred  and  fifty  mines 
discovered  by  herself  and  her  husband,  a  distinguished  engineer. 
Among  the  apparatus  employed  we  find  enumerated  seven  metallic 
rods,  known  by  the  miners  of  the  Tyrol  as  the  verga  lucente,  verga 
eadente  o  jocosa,  verga  saltante,  verga  battante,  verga  trepidante, 
verga  eadente  o  inferiore,  e  verga  obvia.  The  Baron  of  BeausoUel 
and  his  wife  must  have  been  experienced  mineralogists,  for  they  had 
examined  almost  all  the  mines  in  Europe,  and  had  even  crossed  the 
ocean  to  explore  the  mineral  treasures  of  the  New  World.  Their 
geological  knowledge  had  evidently  served  them  in  good  stead ;  and 
we  may  well  believe  that  in  the  use  of  the  sympathetic  rod,  and 
other  fantastic  instruments,  they  conformed  to  the  hermeneutic 
fancies  of  the  age,  in  order  to  give  a  supernatural  appearance  to  the 
results  of  their  natural  skill.  It  was  a  great  mistake,  for  it  led  to 
their  being  accused  of  unlawful  practices,  and  to  their  imprisonment 
at  Vincennes,  where  they  both  died. 

The  news  of  the  magical  powers  contained  in  the  divining-rod 
soon  spread  through  Prance,  and  thence  to  other  countries,  the 
'^  sourciers,"  or  ^^  sourcers^'  (as  we  may  call  them),  being  very 
numerous  in  Dauphiny  about  1640.  Father  Kircher,  the  Jesuit, 
denying  that  the  rod  had  any  power  to  discover  hidden  metals, 
acknowledged  that  it  had  a  tendency  to  move  towards  subterranean 


*  «( 


PhiloBopbical  ICagazbe,"  ed.  hj  A.  Tilloch,  xm^  1802,  p.  825. 
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waters.     "  WMch  I  would  not  say/'  he  adds,  ''  if  I  had  not  tried 
it/'     {Quod  non  dieerem  nisi  a  me  sumpto  id  verum  cognovissem,) 

What  did  most  to  spread  the  reputation  of  the  divining-rod,  and 
eventually  to  discredit  it  utterly  for  a  season,  was  the  use  made  of  it 
by  Jacques  Aymar,  in  1692.  In  July  of  that  year  the  keeper  of  a 
wine-shop  in  Lyons  and  his  wife  were  murdered  in  their  cellar.  The 
murderer  had  left  behind  him  a  bottle,  wrapped  in  straw,  and  a 
blood-stained  bill-hook.  The  officers  of  justice  were  at  their  wit's 
end — sometimes  not  a  very  long  journey  even  in  our  days — ^until  a 
neighbour  advised  them  to  apply  to  Aymar,  who  had  manifested  a 
singular  aptitude  in  hunting  down  criminals. 

Jacques  Aymar  was  a  native  of  St.  Marcellin,  in  Dauphiny,  and  in 
1688  had  been  summoned  to  Grenoble  to  discover  the  perpetrators 
of  a  certain  theft.  With  the  help  of  his  wand,  he  picked  out  two 
persons  from  a  number  of  prisoners  in  the  city  gaol.  At  first  they 
stoutly  maintained  their  innocence,  but  eventually  confessed  and 
named  the  receivers  of  the  stolen  goods.  These  were  farmers,  who 
denied  all  knowledge  of  the  matter ;  but  the  divining-rod  gave  the 
lie  to  their  assertions  by  conducting  Aymar  to  an  artfully-contrived 
hiding-place,  where  the  plunder  was  found. 

On  another  occasion  he  accidentally  discovered  a  murder.  He 
was  out  one  day  water- seeking,  when  the  rod  became  violently  agi- 
tated. A  well  was  sunk,  but  instead  of  water,  the  diggers  came 
upon  a  barrel  containing  a  dead  body,  with  a  cord  still  remaining  on 
the  neck.  It  was  that  of  a  woman  who  had  been  missing  for  about 
four  months.  The  rod  conducted  Aymar  to  the  house  where  she 
used  to  live :  it  was  motionless  until  he  arrived  in  the  presence  of 
the  woman's  husband,  when  it  became  violently  agitated.  The 
man  confessed  his  guilt  by  running  away.  We  must  be 
cautious,  however,  in  accepting  the  man's  flight  as  a  proof 
of  his  guilt,  rather  than  of  his  fear.  In  those  days  a  person 
accused  of  a  crime  in  France  had  little  chance  of  proving  his 
innocence.  A  witty  Frenchman  once  said  that  if  he  were 
accused  of  stealing  the  towers  of  Notre  Dame,  he  should  at  once 
run  away. 

Such  was  the  reputation  Jacques  Aymar  enjoyed  in  Dauphiny 
when  he  was  summoned  to  Lyons,  to  enquire  into  the  double 
murder  at  the  wine-shop.  Holding  a  rod  in  his  hand,  he  went  into 
the  cellar.  The  rod  was  motionless  until  it  was  over  the  spot  where 
the  man's  body  had  lain,  when  it  became  violently  agitated.  He 
himself  grew  excited,  and  his  pulse  beat  with  feverish  rapidity. 
This  emotion  was  still  greater  when  he  reached  the  place  where  the 
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woman's  corpse  had  been  found.  He  traced  the  assassins — they 
were  three — step  by  step,  through  the  city  and  down  the  Rhone,  to 
the  camp  at  Sablon«  He  was  too  late ;  they  had  gone.  He  con- 
tinued his  course  down  the  river  to  Beaucaire,  which  was  at  that 
time  very  crowded  by  visitors  to  the  annual  fair.  His  rod  led 
him  to  the  prison,  and  then  out  of  fourteen  or  fifteen  persons  he 
selected  one  who  had  just  been  brought  in,  charged  with  some  petty 
theft  committed  in  the  fair.  The  other  two  escaped,  but  the  third 
confessed  his  crime  and  was  executed.*  Del  Bio,  who,  in  his 
^' Disquisitio  Magica,^*  bk.  3,  had  recommended  the  use  of  the 
hazel-rod  to  discover  thieves,  never  contemplated  its  being  em- 
ployed to  track  down  murderers. 

The  Prince  of  Cond^  (Henri-Jules,  son  of  the  great  Oond^ 
invited  Aymar  to  Paris,  where  he  became  quite  a  lion,  and  many 
opportunities  were  offered  him  of  showing  his  skill ;  but  he  failed 
so  frequently  that  he  lost  all  credit,  and  returned  in  disgrace  to  his 
native  province  of  Dauphiny.  Here  he  was  still  in  good  odour,  and 
was  employed  by  Montrevel  and  Baviile  to  hunt  down  the  Protestants 
of  the  Cevennes. 

Jacques  Aymar  had  many  successors  in  Dauphiny,  the  most 
famous  of  them  being  Bartholomew  Bletton,  who  became  the  most 
famous  hydroscopist  of  the  age.  He  could  discover  water  without 
the  aid  of  the  wand,  which  he  used  merely  for  the  information  of 
the  spectators.  He  came  to  Paris  where  his  pretentions  were  very 
closely  investigated,  the  celebrated  Lalande  publishing  in  the 
''Journal  de  Physique^'  for  August,  1782,t  an  account  of  the 
test  experiments.  Lalande  says  that  Bletton  made  the  rods 
move  by  an  imperceptible  pressure  of  the  fingers.  This  may 
be  true,  but  no  attempt  seems  to  have  been  made  to  solve  the 
previous  questions — ^whether  hidden  sources  of  water  had  really 
been  discovered  by  Bletton,  and  whether  such  discovery  might  not 
be  owing  to  some  extraordinary  sensibility,  which  would  make  the 
movement  of  the  fingers  quite  involuntary.  The  Parisian  physicists 
had  made  up  their  minds  that  Bletton  was  an  impostor,  and  treated 
him  accordingly.  "  I  have  written  against  Parangue  (another  hydro- 
scopist),*' said  one,  ''and  belong  to  three  Academies,  and  you  want 
me  to  believe  such  stuff."  That  is  hardly  the  spirit  of  a  philosopher 
—of  a  searcher  after  truth.     A  very  different  spirit  dictated  the 

*  A  full  account  of  thu  singular  case  will  be  found  in  the  Abb^  Vallemont*8 
"Physique  Occulte,"  vol.  i.,  pp.  27—49.  This  book  waa  put  in  the  "Index"  by 
the  Boman  Inquisition  (1701),  which  some  may  consiaer  a  strong  recommendation. 

t  "  Copie  du  Procis-Torbal,"  etc.,  torn,  x.,  part  2, 1782,  p.  58. 
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reply  of  Dr.  Treviranus  to  the  inquiries  put  to  Mm  by  Coleridge,  as 
to  the  reality  of  certain  magnetic  phenomena  which  that  dis- 
tinguished savcmt  was  reported  to  have  witnessed :  '^  I  have  seen 
what  I  would  not  have  believed  on  your  testimony,  and  what  I 
cannot,  therefore,  expect  you  to  beUeve  on  mine/' 

Dr.  Thouvenel,  who  took  Bletton  in  hand,  says  that  in  upwards 
of  800  experiments  made  under  his  eyes  in  Lorraine,  water  was 
found,  the  operator  being  in  many  instances  blindfolded.  In  reading 
the  accounts  of  the  Parisian  inquiry,  we  cannot  but  feel  that  the 
believers  were  ultra-credulous,  the  sceptics  equally  incredulous.  If 
the  latter  made  too  much  of  Bletton's  failures,  the  others  treated 
too  loudly  of  his  successes.  In  1783,  Dr.  Thouvenel  was  commis- 
sioned by  Louis  XYI.  to  make  a  chemical  examination  of  the 
mineral  and  medicinal  waters  of  France.  Bletton  went  with  him 
and  assisted  him  greatly  in  discovering  the  direction  of  the  springs 
and  tracing  them  to  their  source.  During  this  expedition  he  found 
some  coal  beds,  and  was  employed  by  the  School  of  Mines  to  seek 
for  coal  in  the  neighbourhood  of  Paris.  Bletton  is  still  remembered 
in  Dauphiny  as  one  of  its  greatest  benefactors. 

Jean  Jacques  Parangue  was  a  very  different  man  from  Bletton, 
though,  like  him,  he  began  to  exercise  his  hydroscopic  faculty  when 
a  child.  One  day,  while  sitting  at  the  fireside,  he  suddenly  cried  out 
"I  am  lost; — ^I  shall  be  drowned,'^  and  jumped  up  to  escape 
from  the  fancied  danger.  He  was  subject  to  the  same  strange 
panics  while  in  the  field  tending  cattle.  But  his  most  singular 
faculty  was  the  power  of  seeing  through  things.  '^The  earth 
became  transparent  as  crystal,^'  says  an  admirer ;  ^'  more  transparent 
indeed,  for  he  could  not  see  water  through  glass,  though  he  could 
see  it  through  rocks  or  stone  walls.'^ 

The  pretended  faculties  of  Parangue  were  smartly  satirized  in  a 
little  pamphlet  (noticed  by  Figuier)  giving  an  account  by  Lord 
Norton  of  one  Miss  Jenny  Leslie,  a  young  woman  of  nineteen,  who 
could  not  only  see  through  rocks  and  stones,  but  could  discern  what 
was  going  on  within  the  human  body.  The  motions  of  the  heart 
and  lungs,  the  passage  of  the  blood,  were  clear  as  daylight  to 
her.  She  could  see  all  the  convolutions  of  the  brain,  and  the  soul 
snugly  seated  within  the  pineal  gland.  She  could  read  very  dis- 
tinctly the  thoughts  as  they  arose  in  the  mind,  and  could  tell  you 
your  plans  before  you  knew  them  yourself.  The  writer  proposed  to 
marry  this  English  clairvoyante  to  the  hydroscopist  Parangue,  in  the 
hope  of  perpetuating  "  an  introscopic  faculty,^'  which  would  go  on 
increasing,  until  the  human  race  had  arrived  at  a  state  of  perfecti- 
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bility.     The  joke  falls  rather  flat  now^  but  it  raised  a  good  laugh  at 
the  time  of  its  appearance. 

One  of  the  last  of  these  remarkable  ^'  sourciers  ^'  was  Campetti^ 
a  young  Italian^  who  performed  a  number  of  experiments  at  Munich 
in  1806  in  the  presence  of  Shelling  and  Franz  Baader.  The  moment 
was  favourable ;  the  phenomena  were  not  denied^  but  the  doctors  went 
to  loggerheads  with  each  other  over  the  theories  by  which  the 
motions  of  the  divining-rods  could  be  explaiiied.*  This  is  a  question 
into  which  I  do  not  propose  to  enter.  I  am  more  anxious  to  inquire 
into  the  alleged  truth  of  the  phenomena — the  presumed  power  of 
the  rods^  that  is  to  learn  how  they  may  be  explained.  In  this  point 
of  view  it  seems  that  M.  Chevreul^  in  his  labomred  articles  in  the 
'^Journal  des  Savants'^  (1853  and  1854)^  has  (to  use  the  vulgar 
proverb)  put  the  cart  before  the  horse.  We  may  safely  ridicule  all 
that  has  been  said  about  the  moral  power  of  the  divining-rod  to  dis- 
cover infideUty  in  women  or  dishonesty  in  servants ;  but  it  is  unphi- 
losophic  to  say  that  because  table-turning  is  a  tricky  therefore  there 
is  no  virtue  at  aU  in  the  baguette.*  We  want  to  know  whether 
there  is  any  ^^  Od  force,"  as  Beichenbach  might  say — ^any  electric 
affinity — any  sympathy — between  certain  individuals  and  certain 
natural  phenomena,  such  as  hidden  minerals  or  bodies  of  water. 
After  weeding  all  the  narratives  of  their  manifestly  incredible  por- 
tions, there  is  a  residuum  remaining  that  still  defies  our  philosophy. 
If  only  in  one  single  instance  water  or  minerals  have  been  discovered 
through  the  indications  of  the  divining-rod,  we  should  be  justified 
in  saying  ''  there  is  perhaps  something  in  it  /'  but  it  would  not  be 
difficult  to  find  at  least  a  score  of  instances. 

Two  or  three  cases  are  on  record  in  which  persons  supposed 
to  possess  this  divining  power  were  anxious  to"*  get  rid  of  it.  One 
Mademoiselle  OUivet,  feeling  uneasy  in  her  conscience,  applied  to 
her  confessor,  the  learned  oratorian.  Father  Lebrun.  He  told  his 
penitent  that  thus  far  her  good  fisiith  had  kept  her  from  sin,  but  she 
must  now  pray  God  to  withdraw  the  gift  of  divination  by  rod,  if 
Satan  had  any  part  in  it.  A^r  passing  two  days  in  retreat  and  prayer, 
he  took  the  communion,  when  the  rod  ceased  to  turn  in  her  hands. 
Another  young  lady,  hearing  of  this  case,  was  equally  desirous  of 
being  dehvered  from  the  suspicious  gift.  Mademoiselle  Martin  of 
Ghrenoble  had  often  displayed  her  power  over  the  divining-rod.     She 

*  The  onriouB  in  such  matten  may  coxunlfc  Gilbert's  *'  Annalen  der  Fhynk,"  toL 
XTii.,  1807  }  and  Ix.,  1819 ;  also  Gehlen's  "Journal,"  voL  iv.,  1807. 

*  This  much  maybe  said  in  farour  of  the  bjdroscopistB,  that  theynerer  eroded 
public  inTestigations,  as  the  professed  table-tamers  do. 
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discovered  a  bell  lying  at  the  bottom  of  the  river,  where  it  had 
been  carried,  when  the  bridge,  on  which  it  had  hong,  had  been  swept 
away  by  a  torrent.  Believing  that  her  gift  came  from  Grod,  she  for 
a  long  while  resisted  the  eloquence  of  Father  Lebrnn  and  other 
saintly  men.  At  last  she  gave  way^  renouncing  both  Satan  and  the 
divining-rod.  Her  mother  and  sister  were  much  vexed  at  this  loss 
of  power ;  but  it  would  appear  that  the  conversion  was  not  lasting  or 
very  sincere,  for,  says  the  holy  father,  "  I  heard  before  leaving 
Grenoble  that  the  lost  virtue  had  returned  to  her.''  M^nestrier, 
the  Jesuit,  tells  of  another  young  woman,  who,  after  long  experience 
of  the  powers  of  the  baguette,  shrank  with  holy  horror  from  their 
continuance.  The  credulous  father  gives  a  copy  of  a  memorandum 
she  had  drawn  up,  describing  the  peculiar  virtues  of  the  rod  in  her 
hand.  '^  It  answered  every  sort  of  question  as  to  the  talents  or 
capacities  of  individuals,  their  sins  and  the  number  of  them.  It  was 
infallible  with  regard  to  the  past  and  present,  but  was  nearly  always 
wrong  with  regard  to  the  future.  The  rod  would  tell  how  an  absent 
person  was  dressed,  the  colour,  the  materials,  and  the  fashion  of 
the  garments.  It  would  reveal  the  journeys  a  person  had  made,  the 
wounds  he  had  received,  and  on  what  part  of  the  body.''  We  may 
congratulate  ourselves  that  rods  of  such  inquisitive  propensities  are 
no  longer  in  fashion. 

One  circumstance  connected  with  these  experiments  has  been 
too  much  overlooked ;  for  if  it  be  true  it  may  give  a  clue  to  the 
origin  of  the  sapposed  virtues  of  the  rod.  Jacques  Aymar  is  said 
to  have  been  remarkably  agitated  and  that  his  pulse  beat  as  if  he 
were  in  a  fever.  Bletton  manifested  similar  emotions :  indeed  the 
story  goes  that  when  about  seven  years  old,  as  he  was  ca.rrying  their 
dinners  to  some  labourers  in  the  field  he  sat  down  on  a  large  stone 
to  rest  himself;  but  he  felt  a  sort  of  '^all-ov^erishness  "  and  fainted 
away  and  appeared  as  if  suffering  from  a  violent  fever.  When 
laid  on  the  grass  he  recovered,  but  was  attacked  by  similar  symptoms 
as  soon  as  he  was  replaced  on  the  stone,  beneath  which  a  spring 
was  afterwards  found,  copious  enough  to  turn  a  paper-mill. 
Catherine  Beutler  also  felt  strange  agitations.  Now  all  legendary 
exaggeration  apart,  these  instances  (and  they  do  not  stand  alone), 
would  seem  to  indicate  some  sympathy — the  word  is  not  important— 
between  the  '^  sourciers "  and  the  water,  to  which  the  rod  may 
serve  as  a  mere  index  or  conductor.  We  have  not  yet  fathomed 
all  the  secrets  of  biology,  and  this  may  be  one  of  them  yet  waiting 
to  be  solved.  We  should  not  look  into  ^^  All  the  Year  Round  "  for 
scientific  investigations,  but   in  a  description  of  Am^lie-les-Bains 
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(30th  Oct.,  1869),  there  is  a  passage  which  bears  upon  tie  point 
under  consideration.  '^  Visitors  to  the  Pyrenees  have  often  remarked 
that  while  among  them,  they  experience  a  sort  of  electrical  influence, 
especially  in  the  neighbourhood  of  the  thermal  springs.  I  have  felt 
this  myself.  It  is  like  the  presentiment  of  a  thunderstorm,  which, 
however,  does  not  come.''  In  this  state  of  the  case  wisdom  bids 
us  preserve  a  strict  neutrality,  and  meanwhile,  should  another  water- 
seeker  turn  up,  let  us  give  him  a  fair  trial,  and  not  treat  him 
off-hand  as  if  he  were  a  second  Dousterswivel. 
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These  are  few  objects  of  natural  history  which  are  at  once  so  easily 
accessible  and  capable  of  furnishing  so  much  interest  to  the  micro- 
scopist,  as  the  common  blow-fly.  A  beginner  can  readily  see 
enough  to  supply  him  with  important  information,  and  entice  him 
to  further  study,  whilst  the  most  accompUshed  anatomist  and 
physiologist  will  find  his  powers  tasked  to  the  utmost  in  explaining 
many  points  not  yet  cleared  up. 

All  who  are  accustomed  to  look  at  microscopical  preparations 
will  be  familiar  with  the  well-known  slide  of  the  blow-fly  proboscis ; 
but  they  must  be  warned  that  the  very  elegant  and  complex  object 
thus  presented  to  them  is  so  far  altered  and  confused  by  the 
method  of  mounting,  as  to  afford  very  little  information  of  the  real 
character  and  functions  of  this  highly  curious  organ.  Another 
coipmon  slide  object  is  a  portion  of  the  flattened  cornea  of  the  same 
fly,  carefully  washed,  and  laid  out  to  exhibit  its  facets  or  lenses, 
with  every  one  of  which  an  optical  image  may  be  formed.  Here 
again  the  mode  of  preparation,  though  valuable  for  certain  purposes, 
leaves  very  much  to  be  desired ;  and  this  is  quite  as  much  the. case 
with  similarly  prepared  slides  of  the  adhesive  apparatus — the  foot- 
pads— if  the  term  can  be  employed  without  reviving  associations  of 
highway  robbery — ^technically  named  pulvilli,  by  means  of  which 
this,  and  many  other  flies  can  walk  upside  down  on  smooth  surfaces, 
in  apparent  defiance  of  the  ordinary  laws  of  gravitation. 

It  is,  we  fear,  too  common  for  the  possessors  of  microscopes  to 
look  at  a  few  slides  of  the  description  we  have  named,  and  to 
neglect  the  study  of  the  living  insect,  or  of  special  organs,  carefully 

•  "  The  Anatomy  and  Physiology  of  the  Blow-Fly  (Mwca  vomUoriOf  Linn.)."  A 
Monograph.  By  Benjamin  Thompson  Lowne,  M.B.O.S.  £ng.  lUostrated  with  Ten 
Plates.    Tan  Voorst. 
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removed^  and  examined  with  as  little  disturbance  of  their  seyeral 
parts  as  it  may  be  possible  to  effect.  Beginners  naturally  labour 
under  a  grave  diflSculty  from  not  knowing  what  to  see  or  how  to 
see  it^  and  the  scandalous  neglect  of  elementary  physiological 
teaching  in  ordinary  schools  affords  no  preparation  for  studies 
which  a  little  wiser  training  would  make  easy  and  delightful. 

Nothing  can  be  more  useful  for  the  spread  of  sound  knowledge 
than  the  study  of  a  good  monograph  on  some  object  which  can  be 
readily  obtained^  and  easily  made  to  illustrate  a  number  of  important 
facts  and  principles.  Such  a  monograph  Mr.  Lowne  has  produced 
on  the  blow-fly^  and  we  congratulate  him  on  an  unusual  amount  of 
success  in  the  ayoidance  of  needless  technicalities  and  difficulties. 
His  work  is  strictly  scientific^  and  will  be  accepted  as  a  valuable 
contribution  to  insect  anatomy  and  physiology  by  professional 
students^  while  it  is  nearly  all  within  the  grasp  of  any  intelligent 
person  who  has  acquired  a  slight  popular  knowledge  of  elementary 
physiology.  We  should  advise  microscopists  in  this  condition  to  set 
to  work  with  the  md  of  Mr.  Lowne^s  book,  to  follow  what  they  find 
most  simple  and  easy^  and  to  pass  over  what  they  cannot  readily 
comprehend,  reserving  it  for  future  attention.  By  this  means  they 
will  insensibly  learn  much  more  than  they  are  aware  of,  and  ulti- 
mately be  able  to  traverse  nearly  all  the  ground  over  which  he 
passes.  On  some  future  occasion  we  may  devote  a  paper  to  the 
subject  of  insect  dissection,  but  will  now  content  ourselves  with 
reminding  beginners  that  all  soft  parts  must  be  operated  upon  under 
water  in  a  small  trough,  or  in  a  drop  on  a  slide,  according  to  the  size 
of  the  object. 

Having  said  thus  much,  with  a  view  to  assuring  young  students 
that  they  must  not  consider  Mr.  Lowne's  work  beyond  their  reach, 
we  will  proceed  to  a  more  special  notice  of  its  contents. 

The  peculiar  mode  in  which  perfect  insects  are  developed  has 
always  invested  them  with  special  interest ;  so  much  is  transacted 
under  our  very  eyes  that  our  attention  is  necessarily  arrested,  and 
we  are  compelled  to  inquire  into  the  curious  meanings  of  what  we 
see.  First,  we  begin  with  the  egg,  an  object  of  wonder  and  mys- 
tery, that  grows  upon  us  as  we  try  to  investigate  it.  In  each  egg 
there  is  a  minute  spot  or  portion,  endowed,  in  what  way  we  know 
not,  with  a  definite  power  or  force  of  attracting  surrounding  matter, 
investing  it  with  new  properties  and  commencing  growth.  There  is  no 
particular  use  in  calling  this  force  '^  vital  force,'*  and  there  is  obvious 
logical  confusion  in  the  way  in  which  such  terms  as  life,  vital, vitalism, 
etc.^  are  usually  employed.     Life  in  the  higher  animals,  or  in  man. 
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comprelieiids  a  great  namber  of  varied  and  probably  qnite  distinct 
manifestations.  To  grow,  to  digest,  to  tbink,  to  feel — these  are  all 
exhibitions  of  life,  but  we  cannot  find  any  common  property  between 
mere  growing  and  thinking,  and  it  is  only  a  dismal  pretence  of 
knowledge  that  makes  some  wonld-be  philosophers  speak  of  them 
all  as  manifestations  of  ''  vital  force/' 

In  the  insect  world,  as  Mr.  Lowne  remarks^  every  degree  of 
metamorphosis  exists  "  from  that  in  which  the  larva,  nymph,  and 
imago  clearly  resemble  each  other,  where  the  successive  changes  are 
merely  those  of  ordinary  development,  as  in  the  cock-roach,  to  that 
in  which  the  change  is  so  complete  that  it  might  almost  be  doubted 
whether  the  larva  and  imago  should  be  considered  the  same  creature 
at  all,  so  clearly  does  the  process  resemble  an  alternation  of  genera- 
tion.    This  is  the  case  in  the  fly/^ 

Mr.  Lowne  has  been  able  to  confirm  a  very  remarkable  state- 
ment advanced  by  Weissman,  that  in  the  fly  the  head  and  thorax  do 
not  depend  for  their  development  upon  the  corresponding  segments 
of  the  larva,  but  that  those  parts  are  developed  from  a  series  of 
what  he  calls  "  imaginal  disks,^^  firmly  adherent  to  the  nerves  and 
tracheae  of  the  anterior  extremity  of  the  larva.  Dr.  Weissman,  as 
cited  by  Mr.  Lowne,  says — "  I  believe  in  all  those  insects  in  which 
the  anterior  larval  segments  are  unprovided  with  appendages  (legs) 
the  head  and  thorax  of  the  imago  are  entirely  redeveloped,  whilst 
in  those  in  which  the  larva  is  furnished  with  legs  these  parts  depend 
for  their  formation  upon  the  anterior  larval  segments." 

Mr.  Lowne^s  observations  lead  him  to  conclude  that  '^  those  seg- 
ments of  the  fly  immediately  connected  with  the  functions  of  vege- 
tative life,  those  surrounding  the  anterior  portion  of  the  alimentary 
canal — that  is  the  proboscis — as  well  as  the  abdominal  segments, 
are  immediately  dependent  upon  the  corresponding  larval  segments 
for  their  development  and  form ;  whilst  the  head  and  thorax,  with 
all  their  appendages,  the  chief  centres  of  animal  life,  are  developed 
from  Weissman's  (imaginal  disks),  which  do  not  coalesce  with  each 
other  until  the  third  day  of  the  pupa  state,  so  that  these  replace 
the  larval  segments  from  the  fourth  to  the  eighth  inclusive." 

To  make  this  very  curious,  and,  as  we  suppose  we  must  now 
call  it,  highly  probable,  if  not  absolutely  substantiated  theory,  more 
plain  to  the  general  reader,  we  may  regard  the  process  of  develop- 
ment as  proceeding  in  the  following  way  : — First,  the  minute  portion 
of  developing  and  growing  matter  in  the  egg  produces,  with  the  help 
of  surrounding  material,  the  organs  and  apparatus  required  by  the 
grub  or  larva,  and  it  also  supplies,  or  causes  to  grow  in  the  larva 
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those  ''  imago  disks,''  or  imaginal  disks,  from  which  other  parts  not 
required  in  the  larval  life  of  the  creature,  but  necessary  for  it  in  its 
final  and  perfect  condition,  are  in  due  time  to  be  produced. 

Now,  if  Mr.  Lowne's  highly  probable  view  is  correct,  the 
portions  thus  superadded  belong  to  a  higher  form  of  life  than  the 
mere  grub  was  intended  to  lead.  "  The  brain,"  he  tells  us,  ^^  seems 
to  form  a  centre,  around  which  these  changes  take  place ;  even  this 
organ  is  entirely  altered,  but  by  a  process  similar  to  ordinary 
development."  In  another  passage  we  are  told  that  ^'  it  may  be 
confidently  asserted  that  not  one  structure  exists  in  the  fly  as  it 
exists  in  the  maggot.  Every  portion  of  the  larva,  except  the  brain, 
and  perhaps  the  prominent  membrane  of  the  alimentary  canal, 
undergoes  rapid  degeneration,  and  the  fly  is  formed  within  the  pupa 
skin  by  a  process  of  redevelopment." 

The  skin  of  the  fly  consists  of  three  layers,  the  outer  one  being 
transparent  and  continuous.  Mr.  Lowne  states  that  it  is  quite 
insoluble  in  caustic  potash,  showing  that  it  is  the  same  as,  or 
resembles  that  not  very  clearly  defined  substance  chitin. 

Mr.  Lowne  objects  to  calling  this  layer  a  cuticle,  as  it  does  not 
resemble  the  deciduous  cuticle  of  animals,  and  he  names  it 
protoderm,  or  "  first  skin  " — ^would  not  "  ectoderm,  or  outer  skin," 
have  been  better?  A  thickening  of  this  outer  skin  occurs  wherever 
strength  is  required,  and  we  must  remember  that  the  hard  outside 
of  insects  has  to  supply  the  support  which  in  higher  animals  is 
afforded  by  an  internal  skeleton — an  instance  of  what  is  common  in 
nature,  of  two  distinct  methods  of  arriving  at  a  given  result. 

Beneath  the  outer  skin  Mr.  Lowne  calls  attention  to  the  layers 
of  epithelial  cells,  which  are  best  observed  in  transparent  parts  of 
the  creature.  ''  The  more  superficial  layer,"  he  observes,  '^  will  be 
found  to  consist  of  a  single  layer  of  flattened  angular  cells,  con- 
taining well-marked  nuclei,  and  beautifully  coloured  with  bright 
orange-coloured  pigment.  These  cells  are  about  one-thousandth 
of  an  inch  in  diameter,  and  have  a  great  tendency  to  adhere  at 
their  edges.  In  the  adult  fly  they  form  a  continuous  membrane ; 
but  their  nuclei  become  apparent  on  the  addition  of  a  little  acetic 
acid."  The  lay^  beneath  this  consists  of  somewhat  similar  cells^ 
"  largely  supplied  with  nerve  filaments,  which  ramify  in  a  branching 
network  among  them." 

Mr.  Lowne  mentions  a  curious  chemical  fact  with  reference  to 
the  pigment  in  the  hard  parts  of  the  mesoderm  or  middle  skin,  and 
the  deep  blue  colour  of  which  depends  on  the  oxydation  of  the  pig- 
ment.    This  substance  exists  in  the  fatty  bodies,  and  when  cut  and 
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exposed  to  air  becomes  inky  black.  When  the  perfect  insect  first 
emerges  from  the  chrysalis  it  is  pale^  and  as  its  respiration  proceeds^ 
the  oxydation  of  the  pigment  takes  place^  and  then  it  may  be  said 
to  paint  its  colours  as  it  breathes. 

Before  studying  Mr.  Lowne's  chapter  on  the  nervous  system  of 
the  fly,  we  should  advise  those  of  our  readers  who  may  not  have 
observed  the  arrangement  of  ganglia  and  nerve-cords  in  an  insect, 
conforming  to  Owen's  Homoglangliate  type,  to  catch  a  young  trans- 
parent cock -roach  or  *^  black-beetle,'^  then  a  pale  brown  fellow.  He 
is  transparent  enough  to  show  the  two  sets  of  ganglia  and  connect- 
ing nerve- cords  which  supply  the  nerve  power  by  which  he  lives, 
and  may  be  instructively  compared  with  the  very  diflerent  arrange- 
ment of  similar  organs  in  the  blow-fly,  concerning  which  Mr.  Lowne 
says,  ^'  No  insect  that  has  been  examined  departs  from  this  (homo- 
glangliate type)  so  much  as  the  fly  and  its  allies ;  for  even  in  the 
larva  state  the  whole  of  the  nervous  system  is  collected  in  the 
anterior  segments,  and  the  pair  of  ventral  cords  do  not  exist,  whilst 
in  the  imago,  with  the  exception  of  two  small  ganglia  in  the  pro- 
boscis, there  are  but  two  nerve  centres,  one  situated  in  the  head, 
and  the  other  in  the  thorax.''  Mr.  Lowne  cannot  mean  that  no 
nerves  whatever  are  supplied  to  the  posterior  segments,  though  his 
words  would  bear  that  interpretation. 

The  two  great  ganglia  are  the  cephalic  (in  the  head),  and  the 
thoracic  (in  the  thorax)  and  if  the  observations  of  Mr.  Lowne  on  the 
former  should — as  it  is  only  fair  to  him  to  anticipate — be  confirmed, 
we  shall  find  in  the  fly  and  its  allies  evidences  of  progress  towards  a 
higher  type  of  organization  than  insects  generally  possess.  He  says, 
^'  A  more  positive  indication  of  a  higher  type  of  organization  than 
even  the  relative  bulk  of  the  sensory  ganglia  "  (which  is  large)  *'  is 
found  in  the  fact  that  two  very  remarkable  convoluted  nerve  centres, 
connected  by  a  commissure,  each  about  one-thirtieth  of  an  inch  in 
diameter,  surmount  the  cephalic  ganglion,  and  are  connected  to  it  by 
a  pair  of  distinct  peduncles.  These  are  extremely  like  the  pedun- 
culated convoluted  nerve  centres  which  occupy  the  same  position  in 
bees  and  ants,  first  described  by  M.  Felix  Dujardin,  and  con- 
sidered by  him  as  analogous  to  the  cerebral  lobps  of  the  higher 
animals."  M.  Dujardin  did  not  succeed  in  detecting  these  organs  in 
the  fly,  but  Mr.  Lowne  tells  us  he  was  led  to  expect  he  should  find 
them  from  the  superior  intelligence  manifested  by  that  insect,  many 
of  its  acts  bearing  evidence  of  memory,  such  as  the  avoidance  of  a 
person  who  is  pursuing  it,  and  which  looks  like  more  than 
reflex  action.     He  adds,  "  Nevertheless,  it  must  be  conceded  that 
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moat  of  the  acts  of  insects  are  probably  entirely  reflex,  or  the  result 
of  impression  from  without,  and  this  coincides  with  the  comparative 
bulk  of  the  organs  of  sensation  over  that  of  the  higher  nerve  centres/' 
This  is  certainly  true,  but  we  agree  with  the  limitation  conveyed 
by  the  word  ''  most,''  as  well  as  with  the  general  proposition.  We 
noticed  a  few  months  ago,  a  curious  instance  of  disturbance  in  the 
memory  of  some  bees  who  had  been  chloroformed,  and  passed  a 
long  night  under  the  influence  of  that  anassthetic.  In  the  morning 
those  which  recovered  life  and  motion  seemed  to  have  a  defective 
recollection  of  their  former  home.  They  were  puzzled  to  recog- 
nize the  entrance  to  their  hive,  the  lower  part  of  which  had  not 
been  disturbed.  Their  memory  was  evidently  paralysed,  or  in 
a  fog,  such  as  sometimes  happens  in  the  case  |of  bipeds  who  have 
taken  a  drop  too  much,  and  stagger  in  bewildered  hesitation  before 
their  own  street  door. 

From,  the  disposition  of  the  nerve  centres  of  insects,  and  the 
want  of  that  decided  predominance  of  the  brain  over  the  whole 
system  which  we  find  in  the  vertebrata,  taking  their  heads  ofl*  does 
not  rapidly  lead  to  the  death  of  their  bodies.  Mr.  Lowne  informs  us 
that  '^  when  the  head  is  removed  from  the  fly  there  is  nothing  more 
striking  than  the  different  character  of  the  phenomena  exhibited  by 
the  parts.  In  the  head,  a  convulsive  movement  of  the  tongue  and 
antennae  follows  the  division  of  the  nervous  cord  which  unites  the 
two  nerve  centres ;  this  continues,  at  most,  a  few  seconds ;  but  no 
reflex  act  follows  the  application  of  external  stimulus  afterwards.  Of 
conrse  we  cannot  tell  to  what  extent  the  functions  of  the  cephalic 
ganglion  remain;  but  their  duration  is  probably  short.  Perhaps 
they  cease  as  soon  as  the  nerve  of  communication  between  the  head 
and  the  thorax  is  severed.  On  the  other  hand,  though  the  trunk 
coDtinnes  to  manifest  signs  of  life  for  many  hours,  no  movements, 
except  those  which  result  from  the  stimulus  or  shock  produced  by 
dividing  the  great  cephalo-thoracic  nerve-trunk  at  the  moment  of 
division,  takes  place,  except  the  respiratory  movement  of  the  abdo- 
men, till  some  external  stimulus  is  appUed.''  It  appears  that  a  very 
slight  stimulus  will  call  such  movements  forth  for  hours  after  the 
decapitation  has  taken  place. 

Mr.  Lowne  ascribes  to  the  fly,  as  may  be  judged  from  the  ex- 
tracts we  have  given,  a  more  complicated  and  higher  nervous  organi- 
zation than  Prof.  Huxley  assigns  to  insects  generally ;  but  this  is  a 
subject  on  which  we  will  only  now  remark  that  we  incline  to  Mr. 
Lowne's  views. 

The  nerves  of  the  viscera  are  derived  from  a  separate  system  of 
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ganglia^  the  cliief  of  which  is  sitnated  at  the  junction  of  the  thorax 
and  abdomen. 

We  do  not  propose  to  follow  our  author  throughout  his  investi- 
gation^ but  to  note  here  and  there  matters  of  general  interest  to  our 
readers,  and  they  will  learn  with  surprise  how  the  wiugs  are  moved. 
It  seems  startling  to  say  that  the  '^  real  muscles  of  flight  are  not 
connected  with  the  wing  at  all.      They  consist  of  a  longitudinal 
mass^  which  fills  the  greater  portion  of  the  back,  and  the  wings  are 
so  attached,  that  the  flank  forms  a  kind  of  fulcrum,  upon  which  they 
are  elevated  or  depressed  by  every  alteration  in  the  convexity  of  the 
back.     The  great  longitudinal  dorsal  muscles,  by  shortening  the 
thorax,  increase  its  convexity  and  depress  the  wings,  which  are  again 
elevated  by  the  flattening  of  the  back  and  lengthening  of  the  thorax, 
due  partly  to  its  own  elasticity  and  partly  to  the  action  of  the  lateral 
thoracic  muscles,  which  are  vertical  in  their  direction.     So  that,  in 
point  of  &ct,  the   flight  of  insects  is   merely  a  modification   of 
crawling,  both  being  afiected  by  the  alternate  approximation  and 
cohesion  of  the  several  segments.     This  may  be  confirmed  by  direct 
experiment ;  for,  by  taking  a  recently  killed  fly,  and  using  a  pair 
of  dissecting  forceps,  placing  one  blade  behind,  and  the  other  in 
front  of  the  upper  part  of  the  thorax,  the  movements  of  flight  may 
be  produced  by  alternately  compressing  and  releasing  the  forceps. 
The  wings  should  be  extended,  in  order  that  the  full  effect  may  be 
seen.     The  amount  of  alteration  in  the  convexity  of  the  back  which 
is  sufficient  to  depress  the  wings  to  their  fullest  extent,  is  so  slight, 
that  it  is  scarcely  perceptible  to  the  eye.'^ 

Thus  two  modes  of  motion,  the  most  apparently  opposite, 
crawling  like  a  grub,  and  flying  through  the  air,  are  both  produced 
by  analogous  means.  The  insect  wing,  though  performing  the  same 
function,  is  widely  distinguished  from  that  of  the  bird. 

We  fully  agree  with  Mr.  Lowne,  as  regards  the  walking  of  flies, 
in  rejecting  the  notions  of  suckers  and  prehensile  hairs.  The 
principal  hairs  of  the  pads. secrete  a  viscous  fluid  sufficiently  sticky 
to  keep  the  insect  from  falling,  but  not  so  much  so  as  to  prevent  the 
easy  removal  of  its  feet  by  a  slanting  and  sUding  movement.  Flies 
are  sometimes  found  dead  and  stuck  fast,  the  gummy  fluid  having 
hardened^  probably  after  their  decease,  or  from  disease  of  the 
secreting  organs. 

The  bluebottle's  proboscis  is  an  admirable  apparatus  for  sucking 
in  fluid  food,  and  for  grating  up  and  dissolving  solids,  like  sugar,  in 
the  abundant  salivary  secretion  poured  through  it.  This  instrument 
can  only  be  appreciated  by  watching  its  action  in  live  flies,  loosely 


THE  STRUCTUBE  OF  THE  BLOW-FLY.  85 

confined  in  Uve  boxes^  with  a  drop  of  nutriment  to  snck^  after  wHch 
dissections  and  preparations  may  be  made ;  bnt  they  are  only  reliable 
if  care  is  taken  not  to  squeeze  the  parts  out  of  position  and  shape. 
Squashing  them  in  hot  balsam  is  a  very  unscientific  performance^ 
though  a  pretty  slide  may  be  the  result. 

The  general  appearance  of  the  proboscis  is  familiar  to  all  who 
have  watched  a  fly  feed.  A  sort  of  horse's  head  looking  object  is 
applied  to  the  food^  and  this,  when  its  two  terminal  lobes  are 
separated  and  the  whole  flattened^  forms  the  well-known  slide  object 
in  which  a  series  of  imperfect  tracheal  tubes  are  the  most  striking 
features.  These  channels^  kept  open  by  segments  of  rings^  form  a 
series  of  strainers  through  which  only  fluids  and  minute  particles 
can  pass.  They  are  evidently  modifications  of  the  tracheal  or  breath- 
ing tubes^  though  their  function  is  quite  different.  Mr.  Lowne's 
plate  of  the  proboscis  is  the  least  successful  of  his  illustrations. 
Mr.  Suffolk  has  succeeded  much  better/  though  he  has  drawn  from 
specimens  swollen  abnormally  by  imbibation  of  the  mounting  fluid. 
The  student^  in  examining  this  object^  should  look  for  the  remark- 
able series  of  teeth — fifty  or  sixty — '^  which  are  usually  concealed 
between  the  posterior  portions  of  the  lobes.''  They  are  rod-like 
bodies^  notched  into  low  teeth  at  the  ends. 

We  could  not  make  the  details  of  the  digestive  system  intelli- 
gible vrithout  plates^  and  for  these  we  must  refer  our  readers  to  Mr. 
Lowne's  work.  The  proboscis  transmits  the  food  to  the  pharynx- 
and  thence  it  reaches  the  cesophagus^  which  bifurcates  on  entering  the 
thorax.  '^  One  branch  passes  upwards^  and  immediately  opens  into 
the  proventriculus,  or  crop,  the  other  runs  the  whole  length  of 
the  thorax,  beneath  the  chyle  stomach,  and  passes  into  the  abdomen 
under  the  intestines."  The  ^'  sucking  stomach "  does  not  exist  in 
the  larva,  but  is  developed  from  a  bud.  '^  It  serves  as  a  reservoir 
for  the  food  when  first  taken,  the  chyle  stomach  extends  the  whole 
length  of  the  thorax,"  and  the  small  intestine  extends  from  the 
stomach  to  the  opening  of  the  bile  tubes,  which  perform  the  func- 
tions of  a  liver.  In  the  rectum  are  certain  papillaa  supposed  to  be 
urinary. 

Mr.  Lowne  observes  that  "  the  analogy  between  the  functions 
of  the  crop,  proventriculus,  and  the  chyle  stomach,  and  the  crop- 
rennet  and  paunch  of  ruminants  is  too  obvious  to  need  enlarging 
upon.  But  the  resemblance  of  the  digestive  act  in  the  two  cases  is 
even  closer,  for  the  fly  frequently  brings  its  food  back  to  its  mouth, 
probably  for  the  purpose  of  mingling  it  with  the  saliva." 

The  organs  of  sense  of  the  blow-fly  consist  chiefly  of  the  great 
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red  eyes,  the  ocelli,  the  antennae  and  palpi,  to  which  Mr.  Lowno 
adds  the  halters,  or  poisers,  and  the  ''  frontal  sac,^'  which  latter,  he 
thinks,  may  take  note  of  coarser  odours  than  the  antennas  may 
observe.  The  real  functions  of  the  antennaa  of  insects  are  still  in 
doubt.  Perhaps  they  are  complicated,  and  not  precisely  analogous 
to  any  sense  we  possess.  Mr.  Lowne  adopts  the  view  that  the 
halters  are  auditory  organs^  but  this  requires  investigation. 

We  have  probably  said  enough  about  the  blow-fly  to  excite 
renewed  interest  in  its  study,  and  to  aflford  an  idea  of  Mr.  Lowne's 
excellent  work.  While  doing  full  justice  to  and  recognising  the 
labours  of  his  predecessors,  he  is  entitled  to  great  consideration  as 
an  original,  expert,  and  painstaking  investigator.  Some  of  his 
opinions  will,  no  doubt,  be  questioned  and  perhaps  disproved,  but 
all  will  admit  that  his  monograph  is  a  very  valuable  contribution  to 
microscopical  science.  His  plates  are  very  good,  but  in  another 
edition  we  should  advise  more  detailed  references  to  all  the  parts 
and  figures.  Upon  many  anatomical  and  physiological  matters  dis- 
cussed in  his  book  we  have  not  entered,  as  being  unnecessary  for  or 
unsuitable  to  our  present  purpose,  which  is  not  only  to  introduce 
and  recommend  his  researches  to  the  consideration  of  our  readers, 
but  also  and  especially  to  lead  on  those  who  may  be  commencing 
such  pursuits. 
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EEMINISCENCES  OF  DEEDGING. 

6T  THS  BEY.  THOMAS  HINCKS^  B.A. 

The  dredge  has  acquired  a  popular  reputation  of  late;  it  has 
received  the  patronage  of  government,  and  its  exploits  have  found 
their  way  into  the  general  newspapers.  It  has  solved  a  great 
mystery,  and  brought  us  authentic  tidings  of  a  realm  which  seemed 
to  lie  beyond  the  irange  of  our  investigation,  and  about  which  we 
could  only  theorize  vaguely,  and,  as  it  proves,  falsely.  The  popular 
imagination  has  been  excited  by  accounts  of  an  abysmal  region, 
almost  as  far  below  the  level  of  the  sea  as  the  summit  of  Mont  Blanc 
is  above  it,  where,  in  an  Arctic  climate,  without  light,  and  beneath 
an  enormous  pressure,  whole  tribes  of  beings  have  their  home ;  and 
by  the  discovery  of  animal  forms,  more  like  the  survivors  of  a 
vanished  epoch,  which  in  these  profound  depths  have  lingered  on 
into  the  present,  than  portions  of  the  existing  regime.  Strange 
Crinoids,  and  gigantic  Foraminifera,  and  antique  Sponges,  recalling 
the  fossil  Ventriculites,  have  been  dragged  into  the  daylight,  linking 
our  era  unexpectedly  to  that  of  the  chalk ;  or  rather  bringing  us  to 
the  startling  conclusion  that  the  Cretaceous  epoch  has  not  yet 
passed  away,  but  that  we  ourselves  are  living  in  it.  Then  we  have 
received  tidings  of  the  mysterious  Bathybius,  that  strange  organic 
slime,  which  penetrates  the  ooze  of  the  deep-sea  bottom,  and  in  which 
we  seem  to  recognize  the  very  beginnings  of  life.  And  for  all  this 
we  are  indebted  to  the  dredge ;  to  the  dredge  is  this  sudden 
extension  of  the  kingdom  of  life  due,  this  discovery  of  the  'Most 
tribes,'^  this  unveiling  of  secrets  that  had  hitherto  been  kept 
inviolate;  and  for  the  moment  a  special  interest  attaches  to  the 
rough  iron  frame  and  bag,  which  have  long  been  the  useful  servants 
of  the  naturaUst. 

I  do  not  propose  in  this  paper  to  deal  with  any  of  the  interesting 
questions  that  have  been  brought  into  prominence  by  the  recent 
deep-sea  dredgings.  Nor  have  I  a  tale  to  tell  of  the  stirring  inci- 
dents familiar  to  those  who  investigate  the  fauna  of  the  ocean  in 
renu)te  and  stormy  waters.  I  have  no  more  ambitious  design  than 
to  chronicle  some  of  the  quieter  experiences  of  the  in-shore  dredger, 
who  works  in  moderate  depths,  and  for  the  most  part  under  easy 
circumstances,  but  amidst  a  rich  and  varied  profusion  of  life. 

And  so  far  as  the  minute  investigation  of  structural  and  physio- 
logical problems  is  concerned,  the  latter  enjoys  advantages  which 
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are  altogether  wanting  to  his  more  adventurous  brethren.  He  has 
his  compensation  for  the  absence  of  exceptionally  startling  results 
in  the  facility  with  which  he  can  deal  with  his  material^  and  the 
patient  and  continuous  study  which  he  is  able  to  bestow  on  the 
objects  collected.  After  a  cruise  of  tw6  or  three  hours  on  compara- 
tively tranquil  waters^  and  beneath  a  summer  sky^  he  returns  unex- 
hausted to  his  microscope^  and  conducts  under  the  most  favourable 
circumstances  a  thorough  examination  of  his  spoils.  He  is  also 
within  easy  reach  of  his  dredging  ground^  and  has  the  chance  of 
renewing  his  supply  of  the  animals  to  which  his  attention  is  specially 
directed;  and  is  thus  most  advantageously  placed  for  pursuing  the 
fascinating  and  fruitful  study  of  development.  Nor  is  it  the  least 
of  his  privileges  that  he  escapes  in  great  measure  the  frightful 
miseries  of  sea-sickness^  and  if  overcome  at  any  time^  can  easily  take 
refuge  in  smooth  water ! 

The  paradise  of  the  dredger  and  marine  zoologist^  so  far  as 
Great  Britain  is  concerned,  must  certainly  be  sought  in  the  west  of 
England,  and  if  required  to  localize  it  more  definitely,  I  should 
place  it  in  Salcombe  Bay  on  the  lovely  coast  of  South  Devon,  which 
offers  the  rarest  combination  of  favourable  circumstances,  and  is  as 
iremarkable  for  the  beauty  of  its  shores  as  for  the  fertility  of  its 
waters.  In  these  days,  when  the  most  sacred  spots  are  liable  to  be 
profaned  and  vulgarized  by  cheap  trips  and  troops  of  noisy  ex- 
cursionists, one  would  hesitate  to  direct  attention  to  this  charming 
retreat,  if  Salcombe  were  not  happily  placed  '*  beyond  railways,*' 
and  destitute  of  the  peculiar  attractions  that  invite  the  incursion  of 
the  summer  hordes.  It  is  truly  out  of  the  world,  and  long  may  it 
continue  so  I 

The  Bolt  Head,  one  of  our  most  majestic  headlands,  the  com- 
panion of  the  Prawle  and  the  Start,  guards  the  entrance  to  the 
Kingsbridge  estuary,  a  fine  arm  of  the  sea  which  stretches  away 
inland  for  about  five  miles,  now  expanding  into  lake-like  sheets  of 
water,  now  branching  off  into  creeks  and  inlets,  and  bordered 
throughout  its  whole  extent  by  a  rich  and  happy  country.  A  short 
distance  from  the  mouth  of  the  estuary,  and  within  the  sheltering 
embrace  of  the  Bolt,  is  the  little  town  of  Salcombe,  lying  along  the 
edge  of  the  water;  commonplace  enough  in  itself — not  to  use  a 
more  uncomplimentary  term — but  charming  from  situation  and 
with  a  delightful  outlook.  The  veritable  Montpellier  of  England^ 
where  the  aloe  blooms,  and  the.  citron  fruits  in  the  open  air,  it  is 
celebrated  in  the  "  Cosmos  "  for  its  genial  atid  equable  temperature. 
I  can  testify  to  the  extreme  beauty,  though  not  to  the  quality  of  its 
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citrons^  and  to  the  surpassing  excellence .  of  the  peaches  and  nec- 
tarines ripened  on  its  sunoy  slopes. 

But  I  am  not  describing  Salcombe^  or  I  should  have  much 
to  say  of  the  unique  loveliness  of  the  views  from  the  town  and  its 
immediate  vicinity ;  of  the  walks  on  the  neighbouring  headland^  so 
full  of  interest  both  to  the  lover  of  scenery  and  the  naturalist ;  of 
the  physiognomy  and  changing  aspects  of  the  mighty  Bolt  itself; 
and  of  the  smiling  shores  of  its  pleasant  waters.  I  am  concerned 
with  the  place,  at  present  as  a  station  for  the  dredger. 

His  ground  extends  from  the  mouth  of  the  estuary  to  a  little 
beyond  its  first  decided  bend^  some  distance  beyond  the  town ;  and 
within  this  range  the  most  favourable  general  conditions  combine 
with  certain  local  specialties  to  render  both  fauna  and  flora  sin- 
gularly rich  and  interesting.  A  vast  body  of  the  warm,  clear  water, 
that  bathes  the  western  shores  of  England,  flows  with  each  tide 
througli  Salcombe  Bay,  on  its  way  to  the  upper  and  shallower 
reaches  of  the  estuary ;  and  here  we  have  the  freshness  and  crystal- 
line parity  of  the  open  sea,  with  the  shelter  and  quietude  of  a 
great  aquarium.  A  bit  of  the  ocean  is  here  embraced  by  the  land, 
and  guarded  from  the  extreme  fury  of  the  winds,  while  exposed  to 
all  the  influences  of  a  most  genial  climate,  and  is  thus  converted 
into  a  rich  preserve  of  animal  life,  and  a  tranquQ  highway  for  the 
naturalist. 

Yon  step  almost  from  the  main  street  of  the  town  into  your 
boat^  and  in  five  minutes  you  may  cast  the  dredge  on  productive 
ground,  and  soon  bring  a  plentiful  harvest  to  the  surface.  No  long 
sail  before  business  can  be  commenced ;  no  dread  of  nausea ;  no  fear 
of  the  savage  squall  bursting  upon  you  when  far  from  land,  and 
driving  you  home  in  the  very  moment  of  expectation  I  Bough 
weather  there  is,  of  course,  at  times,  and  sudden  inroads  of  sea- 
fog,  blocking  up  in  a  few  minutes  the  mouth  of  the  estuary,  and 
shrouding  the  grand  outlines  of  the  Bolt ;  but  yon  are  never  far  from 
shelter  and  the  microscope,  and  these  incidents  involve  little  loss  of 
time  or  money.  Dredging  in  Salcombe  Bay  is  rather  a  luxury  than 
a  labour.  Floating  dreamily  on  its  quiet  waters  in  summer  time, 
with  the  pleasant  corn-fields  close  at  hand,  you  soon  gather  a  rare 
assemblage  of  animals,  corresponding  with  the  varied  character  of 
the  ground.  Now  the  dredge  is  gast  upon  a  fine  scallop-bank  and 
comes  up  laden  with  large  empty  shells,  each  one  of  which  (to  speak 
more  Hibemico)  is  filled  with  curious  forms  of  life — a  perfect 
museunoi  in  miniature.  Now  it  is  dragged  over  the  rough  ground  in 
the  centre  of  the  channel,  and  returns  crowded  with  a  miscellaneous 
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collection^  in  which  the  TunicateSj  lUchinodermataj  and  Zoophytes 
are  specially  conspicuous.  Now  it  sweeps  the  sub-marine  meadows 
of  Zostera;  now  it  tears  from  the  rocks  that  fringe  the  shores 
long,  trailing  masses  of  HaHdrys,  brilliant  with  the  gorgeous  stars 
of  the  Botryllus,  and  thickly  festooned  with  some  of  the  prettiest  of 
the  Vesicularian  Polyzoa. 

In  Salcombe  Bay  I  first  made  acquaintance  with  the  Feather- 
Star  {Antedon  rosaceus)  ;*  and  the  impression  produced  by  the  sight 
of  its  extraordinary  beauty  is  fresh  and  vivid  still  after  the  lapse 
of  twenty  years.  It  is  gregarious  in  habit,  and  at  certain  spots  the 
net  of  the  dredge^  as  it  rose  from  the  water,  was  studded  with  the 
most  glorious  specimens,  while  the  masses  of  weed  inclosed  in  it 
had  each  of  them  its  splendid  galaxy.  Some  scores  of  the  Antedon 
were  cast  overboard  after  each  haul,  and  it  was  a  sight  not  to  be  for- 
gotten, to  see  them  expanding  as  they  touched  the  water — rose- 
coloured  or  of  the  deepest,  richest  red,  pale  yellow,  or  barred  with 
yellow  and  rose — and  then  sinking  slowly  and  gracefully,  Uke  a 
shower  of  brilliant  blossoms,  to  the  depths.  On  the  dark  weed,  to 
which  they  attach  themselves  by  their  hooked  filaments,  they 
almost  seemed  to  glitter  like  veritable  stars.  When  dredging 
subsequently  in  Salcombe  Bay  I  have  never  met  with  the  Antedon 
in  such  profusion  as  on  my  first  visit  to  it ;  it  may  congregate  for  the 
breeding  season,  or  it  may  be  local  like  others  of  its  kindred,  and 
rather  gregarious  at  certain  points,  than  generally  diffused.  This 
is  the  case  with  many  of  the  Echinodermata,  as  every  dredger 
knows  to  his  cost.  It  is  not  unusual  to  meet  with  an  enormous 
assemblage  of  the  common  Brittle- Stars  {Ophiothrix  fragilis), 
which  within  a  very  limited  area  seem  to  have  the  sea-bottom  to 
themselves,  while  beyond  this  narrow  territory  not  a  specimen  is  to 
be  found.  It  is  a  serious  annoyance  to  fall  in  with  one  of  these 
Bchinodermal  mobs.  The  dredge  begins  to  ascend  heavily  weighted, 
and  you  watch  with  eager  impatience  the  coiling  of  the  rope,  and 
please  yourself  with  the  thought  of  the  treasures  that  are  on  their 
way.  It  emerges  from  the  water,  and  in  an  instant  is  emptied 
before  you ;  and  there  lies,  to  your  immense  disgust,  a  wriggling 
mass  of  interlacing,  intertwining  star-fishes — pur  et  simple — ^with- 
out an  admixture  of  any  nobler  game.  You  pitch  them  overboard 
in  all  haste,  and  fly  from  the  spot  as  quickly  as  your  oars  wiU 

*  Alas,  for  the  familiar  names  bj  which  our  old  friends  were  known  to  us!  In 
spite  of  all  aesthetio  and  seotimental  pleas,  we  hare  lost  the  classical  ComaiulOf  with 
which  so  many  pleasant  associations  were  connected,  and  hare  got  an  Aniedon  in 
its  place. 
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cany  you,  never  to  return,  if  you  can  help  it  I  In  Torbay,  another 
zoological  Eldorado,  I  have  come  suddenly  on  an  extraordinary 
concourse  of  this  kind,  but  on  shifting  the  ground  very  slightly,  all 
trace  of  it  as  suddenly  vanished.* 

To  return  to  the  Antedon,  not  only  was  the  adult  Feather-Star 
abundant  in  Salcombe  Bay,  but  it  also  yielded  an  unlimited  supply 
of  the  Pentacrinoid  young.  It  was  a  common  occurrence  to  dredge 
up  bunches  of  weed  profusely  covered  with  it  in  every  stage  of 
development ;  and  if  the  brilliant  beauty  of  the  mature  animal  was 
charming,  still  more  fascinating  was  the  romantic  history  of  the 
young,  commencing  life  in  the  likeness  of  an  extensive  tribe  that 
has  well  nigh  vanished  from  the  earth,  linking  the  fossil  Grinoid  to 
the  modem  Star-fish,  and,  as  it  were,  summarising  in  its  little 
course  ^^the  long  results  of  time.'^  The  recent  labours  of  Dr. 
Carpenter,  Professor  Wy  ville  Thomson,  and  others,  have  thoroughly 
elucidated  the  structural  and  developmental  history  of  the  Penta- 
crinoid, but  they  have  added  little  to  the  interest  of  J.  V.  Thomp- 
son's original  discovery,  that  the  free  Peather-Star  is  genetically 
connected  with  the  fixed  Grinoid,  and  that  the  ancient  Encrinitic 
races  in  their  decay  are  not  only  represented  by  a  poor  remnant  of 
adult  forms,  but  also  by  the  young  and  fugitive  condition  of  a 
higher  organism. f 

The  Echinodermata  usually  form  a  conspicuous  and  important 
element  of  the  produce  of  the  dredge ;  and  it  was  so  in  Salcombe 
Bay.     Now  the  sombre  heap  of  '^  stuff''   was   lighted  up  by  a 

*  Some  of  the  JEohiin  are  also  remarkable  for  their  sooial  and  gregarious  habits. 
In  the  course  of  the  late  deep-sea  dredging§,  it  is  stated,  a  single  haul  of  certain  hem- 
pen tangles,  contrired  for  sweeping  the  bottom  of  the  ocean,  bronght  up  an  amasing 
number  (some  thousands)  of  a  species  of  ScMmu,  In  the  last  British  Association 
Beport  on  the  Shetland  dredgings,  Mr.  Norman  tells  us  that  "fortj  miles  east  of 
the  Whaleej  Skerries  Echinus  NorvegieuM  was  in  such  eztraordinar/  profusion,  that 
the  dredge  came  up  again  and  again,  literall/  almost  filled  with  it;  but  though 
occurring  in  many  other  localities  it  was,  sare  in  this  one  instance,  comparatively 
uncommon.  Near  the  same  spot,  Antedon  Sarsii  was  brought  up  in  thousands ;  ye 
except  in  this  one  day's  dredging,  I  was  never  fortunate  enough  to  meet  with  the 
species."  Dr.  CoUingwood  ("  Bambles  of  a  Naturalist ")  found  on  a  reef  in  the  China 
seas,  patches  of  dark  purple  Echini,  containing  from  50  to  100  individuals,  so  closely 
packed  aa  completely  to  conceal  the  sea-bottom. 

t  In  a  paper  read  before  the  French  Academy  of  Sciences,  M.  Lacaze-Duthiers,  as  we 
learn  from  " Nature"  has  called  "  the  attention  of  naturalists  to  the  harbour  of  Bosooff, 
on  the  north  coast  of  France,  as  a  locality  where  the  young  form  of  Antedon  rosaceus  is 
to  be  found  in  abundance.*'  The  editor  adds,  that  **  from  his  description,  the  Bay  of 
Boecoff  is  a  paradise  for  the  student  of  marine  zoology."  I  have  no  acquaintance  with 
this  locality ;  but  I  will  renture  to  back  the  Bay  of  Salcombe  against  it,  both  as  a 
habitat  of  the  Pentacrinoid,  and  as  a  paradise  for  the  zoologist. 
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gorgeous  Sun-Star  {Solaster  papposus),  now  by  the  milder  glory  of 
the  kindred  Solaster  endeca.  But  omitting  the  smaller  forms^  the 
species  which  (after  the  Antedon)  connects  itself  most  closely  in 
my  mind  with  the  locality,  is  the  noble  Asteridks  gladalia  {Uraster 
glacMis,  Forbes),  examples  of  which  were  of  frequent  occurrence, 
distinguishable  at  once  by  their  large  size,  their  spinous  surface, 
and  their  exquisitively  glaucous  tint.  They  blend  with  the  brilliant 
Feather-Stars,  the  festooned  Halidrys,  the  Scallops  crowded  with 
sculptured  corals,  the  pleasant  coru-fields,  and  the  glorious  head- 
land, in  my  recollections  of  Salcombe  Bay. 

Those  who  have  had  no  experience  of  dredging  can  have  little 
idea  of  the  variety  and  beauty  of  the  colours  of  marine  animals. 
They  are  most  evanescent,  and  even  in  the  best  preserved  speci- 
meas  there  is  little  more  than  a  bare  suggestion  of  the  original 
splendour.  In  a  large  proportion  of  cases  the  delicate  and  vivid 
hues  utterly  disappear,  and  in  the  collection  the  living  structure  is 
represented  by  a  pale  and  ghost-like  form.  Colour,  however,  is  a 
striking  feature  of  marine  invertebrate  life.  Amongst  the  Echino- 
derms,  the  roseate  tints  of  the  Antedon,  and  the  purple  and  gold  of 
the  Solaster,  are  rivalled  by  the  rich  and  varied  painting  of  the 
Brittle-Stars.  Though  the  shells  of  the  British  seas  are,  for  the 
most  part,  of  sober  colouring,  their  inhabitants  are  often  most 
gaily  decorated,  witness  the  orange  mantle  of  the  Cowry,  the  golden 
fringes  of  the  nest-building  lAma,  the  coral-red  and  the  brilliant 
ocelli  of  the  Peciena — '^  the  butterflies  of  the  ocean.'*  But  in  one 
section  of  the  Mollusca — the  Sea  Slugs  {Nudihranchiata) — the  beauty 
of  colour  is  such  that  a  parallel  to  it  can  only  be  found  amongst  the 
fairest  of  floral  tints.  These  graceful  creatures — ^for  there  may  be 
grace  even  in  a  Slug,  as  anyone  who  has  studied  their  movements 
will  readily  admit — are  commonly  tinged  with  the  most  exquisite 
dyes,  or  painted  with  the  richest  patterns,  a  peculiar  delicacy  and 
tenderness  being  imparted  to  the  colours,  by  the  perfect  trans- 
parency of  the  tissues.  The  members  of  this  lovely  tribe  are  abun- 
dant in  Salcombe  Bay ;  the  most  beautiful  forms  come  up  frequently 
in  the  dredge,  showing  as  brilliant  specks  of  jelly,  and  looking  like 
little  gems ;  and  it  was  pleasant  to  meet  occasionally  with  one  of 
Montagu's  rarer  species,  reminding  us  that  we  were  on  the  classical 
dredging  ground  of  this  admirable  naturalist. 

But  to  complete  this  digression  on  colour,  the  Tunicates,  many 
of  which  look  dirty  and  dingy  enough  in  their  leathery  coats,  number 
in  their  ranks  some  of  the  gayest  of  the  inhabitants  of  the  sea.  I 
have    already   referred   to  the  Halidrys  and  its  parasitic  splen- 
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donrs;  nowhere,  I  think,  have  I  seen  such  a  glory  of  marine  colour- 
ing as  was  exhibited  by  the  star-spangled  cmsts  of  the  Botryllus, 
investing  the  stems  of  this  populous  weed.  The  large  bunches  of 
it,  which  were  continnally  torn  from  their  attachment,  were  quite  gor- 
geous with  the  masses  of  green,  bine,  yellow,  olive,  adorned  with  their 
radiate  patterns,  which  form  the  colonies  of  these  sociable  Ascidians. 
The  multitudinous  host  of  the  kindred  Polyzoa  is  rather  distinguished 
by  elegance  of  form  and  delicacy  of  minute  sculpture  than  by  bright 
colouring ;  but  even  amongst  them,  the  Lepralice,  which  constitute  an 
extensive  genus,  and  the  stony  crusts  of  which  overspread  profusely 
the  most  diverse  marine  substances,  exhibit  a  rich  variety  of  tints, 
and,  like  the  hchens  on  the  wall,  light  up  the  monotonous  surfaces 
of  rock  and  stone,  I  have  noticed  the  following  colours,  reds  and 
yellows  of  various  shades,  and  some  of  them  of  great  intensity, 
purple,  grey,  brown,  deUcate  lilac  and  cream,  orange,  and  silvery- 
white  ;  and  no  doubt  the  Hst  might  be  considerably  increased.  A 
large  stone  dredged  from  thirty  fathoms^  depth  off  the  coast  of  Corn- 
wall bears  an  extraordinary  collection  of  these  Lepralice,  including 
many  of  the  finest  and  rarest  species^  and  its  surface  is  tessellated 
with  variously  coloured  patches,  and  presents  a  most  richly  varie- 
gated appearance.  As  the  sterility  of  the  remotest  Alpine  solitude 
is  relieved  and  brightened  by  the  humbler  forms  of  vegetation,  so 
the  common  stones  of  the  sea-bed  are  profusely  decorated  with  the 
sculptured  and  tinted  crusts  of  the  moss-coral. 

The  Annelids  would  alone  furnish  material  for  a  long  chapter  on 
colour.  The  gorgeous  crowns  of  the  tubicolous  kinds  are  familiar 
to  every  keeper  of  an  aquarium,  and  to  those  who  investigate  the 
wonders  of  marine  life  amongst  the  clefls  and  ledges  of  the  rocky 
coast,  as  well  as  to  the  dredger.  The  long,  wriggling  worms  that  so 
often  occur  to  the  latter,  and  which  might  otherwise  be  viewed  with 
repugnance,  compel  our  admiration  by  their  vivid  colouring  and 
almost  metaUic  lustre.  It  may  be  added  that  many  species  of 
Annelids  are  luminous  in  the  dark,  and  exhibit  coloured  lights. 

The  Zoophytes  ( Codenterata)  in  their  two  great  divisions,  afford 
us  many  striking  illustrations.  Of  the  Actinozoa  it  is  hardly  neces- 
sary to  say  much  here.  Every  one  is  more  or  less  familiar  with  the 
flower-hke  forms  of  the  Aciinice,  and  has  heard  of  the  glories  of  the 
coral-reef — glories  which  have  stirred  the  enthusiasm  and  inspired 
the  eloquence  of  a  long  succession  of  naturalists  and  voyagers.  On 
the  Devon  coast  you  may  find  humble  representatives  of  the  great 
ooral-making  family  in  the  Madrepores  [Garyophyllia  and  Balano- 
phyllia),  humble  in  size,  but  in  colour  not  unworthy  of  the  race  which 
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has  built  the  reefs  of  the  Pacific.  In  the  same  region  the  dredge 
brings  up  the  tree-like  Oorgonia,  glowing  with  the  richest  pink^  a 
fitting  companion  for  its  tropical  congeners^  and  reminding  us  of 
'^  the  yellow  and  scarlet  tufts  of  ocean  ^'  which  the  poet  has  cele- 
brated.* In  Saloombe  Bay,  the  Anemones  appear  in  the  greatest 
profusion  and  splendour,  but  they  belong  to  the  shore  collector 
rather  than  to  the  dredger.  I  have  taken  from  a  rock-pool  a 
small  stone  bearing  upon  it  a  group  of  no  less  than  thirty  of  the 
rare  and  exquisite  Gorynactis,  of  the  brightest  velvety  green,  and 
with  vivid  ruby  tips  to  the  arms — a  perfect  galaxy  of  little  gems. 

In  the  Hydroid  section  of  the  Coelenterates  colour  is  a  less  striking 
feature ;  but  even  here  the  Athecate  (or  Tubularian)  polypites  are 
often  brilliantly  tinted,  and  give  to  the  plant-like  tufts  the  appear- 
ance of  being  thickly  clothed  with  starry  blossoms.  The  colours 
that  prevail  amongst  them  are  the  various  shades  of  red, — rose,  crim- 
son, pink,  vermilion,  scarlet, — and  occasionally  orange  and  yellow. 
A  large  specimen  of  the  strikingly  arborescent  Eudendrium  rameum, 
some  six  inches  in  height,  bearing  aloft  its  hundreds  of  red  flower-like 
polypites,  and  laden  with  its  bright  yellow  ovaries,  rivals  in  minia- 
ture the  splendour  of  some  tropical  tree,  dnd  is  a  really  beautiful 
sight.  On  the  heap  of  stuff  which  the  dredge  has  brought  up  it 
lies,  with  all  its  parts  folded  together,  a  dingy  and  shapeless  mass ; 
you  plunge  it  into  one  of  your  bottles  filled  with  sea- water,  and 
instantly,  as  if  by  magic,  it  expands  into  the  semblance  of  a  well- 
grown  tree,  and  multitudes  of  rosy  blossoms  bloom  on  every  branch. 
But  the  free-floating  Hydroida,  known  till  lately  as  "  Naked-eyed 
MedusaD,^^  which  are  most  of  them  the  reproductive  members  o 
fixed  Hydroid  colonies,  bear  off  the  palm  for  this  kind  of  beauty 
In  them,  as  in  the  Nudibranclis,  the  most  varied  and  vivid  colour- 
ing is  combined  with  crystalUne  transparency  of  tissue. 

I  can  barely  mention  the  Sponges ;  the  scarlet  and  orange  of 
their  soft  cushiony  masses  clothing  the  bare  surfaces  of  the  rock, 
may  be  ranked  with  the  wonderfully  deep  and  tender  green  of  the 
fresh  moss- tufts  on  tbe  wall,  and  the  saffirons  and  sulphurs  of  the 
lichens  on  the  mountain-side,  as  examples  of  what  Nature  can  do  in 
the  way  of  chromatic  decoration.  It  only  remains  to  add  that  the 
late  deep-sea  dredgings  have  established  the  remarkable  fact  that 
the  profound  abysses  of  the  ocean  are  not  destitute  of  the  beauty  of 
colour,  but  that  even  in  these  sunless  regions  there  are  brightly- 
tinted  shells,  star-fishes,  annelids,  corals,  and  sponges. 

This  digression  has  been  long,  yet  not  unnaturally  has  it  con- 

*  PerdTal  in  "  the  OonJ  Groye." 
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nected  itself  with  Salcombe  Bay,  for  in  its  sheltered  and  genial 
waters  life  shows  itself  in  the  utmost  luxuriance,  and  colour  at  its 
brightest. 

But  we  must  hasten  to  the  scallop-bank,  which,  no  less  than  the 
oyster-bed,  is  a  favourite  ground  with  the  dredger ;  not,  however, 
be  it  remarked,  for  the  sake  of  the  edible  moUusk  which  it  supplies. 
My  agreement  with  the  boatmen  has  generally  been  that  I  should 
have  all  the  empty  shells,  but  that  the  full  ones  should  be  theirs ; 
an  arrangement  perfectly  satisfactory  to  them,  but  which,  I  fear,  had 
a  damaging  effect  on  their  estimate  of  my  common-sense  I 

Not  easily  to  be  forgotten  were  the  large  masses  of  the  beautiful 
Polyzoon,  Salicomaria.  farciminoides,  rising  from  a  brilliant  car- 
peting formed  by  an  incrusting  sponge,  which  the  dredge  tore  from 
the  rocks  in  this  locality.  The  delicate  white  moss-coral  looked 
like  a  carving  in  ivory  set  on  a  piece  of  scarlet  velvet,  ready  to  be 
placed,  as  it  was,  under  a  glass  shade  !  Such  charming  combina- 
tions frequently  occur  to  the  dredger ;  they  enter  into  no  syste- 
matic natural  history,  but  they  are  minute,  and  as  it  were  casual 
traits  of  the  beauty  of  nature  which  deserve  a  record. 

This  Polyzoon,  it  may  be  remarked  in  passing,  is  a  favourite 
haunt  of  the  Penta^rinoid  young  of  Antedon  rosaceus ;  here  and 
elsewhere  I  have  found  the  little  Crinoid  upon  it  in  great  pro- 
fusion. The  Salieomaria  has  an  extensive  range  in  depth,  and  is 
also  very  widely  distributed ;  on  our  own  coasts  it  occurs  commonly, 
as  in  Salcombe  Bay,  in  shallow  water,  but  it  has  been  taken  up  on 
a  portion  of  the  telegraphic  cable*  that  formerly  connected  Sar- 
dinia and  Algeria,  from  a  submarine  valley,  which  is  from  1000  to 
1500  fathoms  deep,  so  that  it  must  be  very  independent  of  external 
conditions. 

The  dead  shells  of  the  Pecten  maximus,  however,  were  the  glory 
of  the  scallop-bank — dead,  but  crowded  with  life ;  emptied  of  their 
original  tenants,  but  occupied  by  a  thousand  lodgers  instead  :  the 
homes  of  individuals  once,  the  homes  of  whole  tribes  now.  Few 
things  give  one  a  better  idea  of  the  profusion  of  life  in  the  sea,  and 
the  beauty  of  minute  organic  structure,  than  the  study  of  one  of 
these  colonized  shells.  Within  the  shelter  of  the  .concave  valve 
are  gathered  representatives  of  the  most  various  groups.  There 
are  few  waste  spaces ;  the  obscurest  comers  and  crannies  have  their 
occupants.      The  Polyzoa  monopolize   the  largest  portion  of  the 

*  The  Mediterranean  cable  afforded  M.  Alphonse  Milne-Bdwards  a  saggeatire 
glimpse  of  the  life  of  the  deep  sea,  which  has  helped  to  stimulate  the  desire  for  further 
inrestigatioo* 
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territory;  the  tinted  crusts  of  the  L&prali(B  overspread  and 
diyersify  much  both  of  the  inner  and  outer  surface^  mingled  with 
the  silvery  lacework  of  the  Membranipora,  glistening  with  its  pearly 
ovicells ;  the  delicate  chains  of  the  fairy  Hippothoa  creep  in  and 
out  amongst  the  larger  forms ;  and  in  the  centre,  it  may  be^  rises 
an  exquisite  shrub-like  tuft  of  the  ivory  Crisia,  But  the  striking 
feature  of  these  Salcombe  scallops  was  the  great  number  and  beauty 
of  the  tube-dwelling  Polyzoa  {Cyclostomaia) .  In  this  section  the 
colonies  consist  of  clusters  or  companies  of  delicate  stony  tubes^ 
disposed  in  various  patterns^  each  with  a  polypide  as  its  tenant. 
Sometimes  they  rise  into  erect  and  branching  corals ;  sometimes 
they  form  lobed  and  circular  crusts^  or  creep  in  dendritic  fashion 
over  shell  and  stone.  On  these  scallops  they  flourish  literally  in 
wild  luxuriance.  Large  flower-like  discs,  tinged  with  purple,  their 
margins  deeply  cut  into  many  lobes,  stud  the  inner  surface  here 
and  there ;  while,  crowded  round  them  are  other  forms,  circular^ 
stellate,  fan-shaped,  all  bristling  with  frosted  tubes,  and  making 
the  old  worn  shell  a  very  shrine  for  the  lover  of  beauty  no  less  than 
for  the  naturalist.  The  Annelids  are  represented  by  the  SerpuUs 
in  their  stony  cases;  gay  Tunicates  find  a  home  within  the 
sheltering  enclosure ;  the  Gampanularian  Zoophyte  overspreads  the 
moss-coral  with  its  tiny  cups;  often  the  Cowry,  in  its  orange 
robes,  joins  the  permanent  dwellers  for  a  season;  hosts  of  minute 
crabs  hide  in  the  chinks  and  crevices,  and  the  very  substance  of  the 
shell  itself  is  filled  with  the  burrows  of  the  perforating  sponges, 
which  wiU  ultimately  compass  its  disruption  and  the  dispersion  of 
the  tribes  that  have  found  a  resting-place  upon  it.  The  outer 
surface  is  also  more  or  less  covered  with  the  crustaceous  species, 
and  often  adorned  with  the  graceful  tufts  of  Bugvla  plumosa.  And 
all  this  life  is  independent  of  the  humblest  and  minutest  forms ;  of 
the  Protozoan  population  borne  on  the  single  valve  I  cannot  pretend 
to  give  the  census. 

The  dredge  seldom  came  up  in  Salcombe  Bay  without  bringing 
with  it  a  miscellaneous  and  motley  collection  of  creatures  that  was 
truly  wonderful  to  look  upon.  I  wish  I  could,  as  it  were,  photo- 
graph a  single  haul  as  it  lay  in  the  boat,  awaiting  examination ;  but 
the  details  are  lost,  and  I  can  only  recal  the  general  efiect,  and  the 
most  striking  objects.  The  Tunicates  frequently  formed  a  con- 
spicuous element.  Besides  the  smaller  species,  which  abounded, 
clustering  in  coloured  masses  on  weed  or  stone,  some  of  the  larger 
kinds  occurred  in  much  profusion.  Often,  to  our  great  disgust,  the 
dredge  came  up  half  filled  with  a  multitude   of  a  dirty-looking. 


BEimriSCBNCES  OF  DBEDGING.  47 

leatheiy  sort  {Asddia  sordida  ?),  which  emitted  a  most  sickening 
smelly  and  wonderfollj  increased  the  effect  of  tronbled  waters  or  the 
long  tidal  swell^  on  head  and  stomach !  We  found  it  expedient  to  get 
rid  of  them  as  speedily  as  possible.     A  large  whitish  species^  with  a 
nodulated  surface  and  a  strangely  porcellanous  appearance^  which 
I  have  not  met  with  since,  was  a  common  and  striking  object.  Around 
tibese  examples  of  the  stillest  of  still  life — creatures  shut  up  in  a  bag^ 
with  no  external  organs^  and  only  communicating  with  the  outer 
world  through  two  small  orifices — ^a  host  of  active  crabs  shufSed 
about^  presenting  all  varieties  of  the  grotesque :  crabs  little  and 
crabs  large^  crabs  round  and  crabs  square^  crabs  smooth  and  crabs 
rugged^  crabs  with  a  house   and   crabs   without  I     The  Hermits 
were  always  in   great    force^   and  those   curious   spider-crabs^  in 
which  the  body  seems   to  have   abdicated  in  favour  of  the  legs. 
Here  a  large  Sun-Star,  lying  brilliant  biit  inert ;   there   a   Brittle- 
Star^  striding  nimbly  away  !     Here  two  or  three  AplysixB  pouring 
forth    their    dark    fluid;    there    a    spotted    Anemone    (Adamsia 
paUiata),  glowing  with  red,  purple,  and  pink,  and  joint-owner  with 
a  hermit-crab  of  an  old  Trochus  shell !     And,  by  the  way,  a  curious 
and  pleasant  chapter  might  be  written  on  the  alliances  existing,  as 
in  this  case,  between  different  animals.  Here  a  Whelk,  bearing  a  fine 
specimen   of  the  Parasitic  Anemone  {Sagartia  parasitica) ;    there 
another  in  the  possession  of  a  Hermit,  and  invested  by  a  colony  of  the 
beautiful  hydroid,  Hydractinia  echinata.      This  zoophyte   spreads 
over  the  surface   of  univalve  shells,  as  a  white  fleecy  covering, 
which,  on  examination,  resolves  itself  into  a  multitude  of  graceful 
polypites,  supported  on  an  incrusting  base.     On  certain  portions  of 
this  common  crust  are  placed  slender  tentacular  filaments^  which  are 
capable  of  great  extension,  and  have  been  regarded  as  fishing-lines, 
by   means  of  which  the  Hydractinia  seizes  and  appropriates  the 
crumbs  that    fall    from  the    Hermit's    table.      The  alliance  be- 
tween  the    two,    though    not    constant,   is    very    common,  and 
whatever  it  may   yield    to    the    crab    is    no   doubt    of   material 
advantage  to  the  zoophyte.     Many  of  the  minute  zoophytes  secure 
the   benefits   of   locomotion,   and   probably   supplies   of    food,   by 
planting  their  colonies  on  the  shells  of  the  mollusk,  and  they  often 
select  the  operculum  as  their  site,  fietuming  to  our  heap — sponges, 
of  a  deep  orange  colour,  enveloping  small  univalve  shells,  from  the 
opening  of  which  a  Hermit  looks  saucily  out,  lie  scattered  about  it ; 
stones  overgrown  with  corallines,  and  others  bearing  colonies  of  the 
pretty  compound  Actinia  (Zoanthua  Couchii),  and  old  shells,  in  the 
hollow  of  which  the  rare  Calyptrcea  nestles,  and  brilliantly  coloured 
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worms  coil  tHemselves^  and  the  small  Echinus  shows  its  purple 
spines^  and  the  moss-corals  spread  in  rich  profusion ;  and  bunches 
of  weed  glittering  with  Feather- Stars^  or  gay  with  the  Botryllus^  or 
hung  with  the  exquisite  plumes  of  the  ''  Podded  Coralline  "  {Aglao- 
phenia  pluma).  A  rough  sketch  like  this,  however,  can  give  little 
idea  of  the  reality ;  but  it  may  suggest  in  a  general  way  the  afflu- 
ence of  life  and  beauty  which  rewards  the  toil  of  the  dredger  in 
these  prolific  waters. 

But  now  our  boat  floats  over  the  submarine  meadows  of  the 
Zostera  marina,  and  we  look  down  through  the  clear  water  upon  its 
long  slender  leaves  of  the  brightest  green,  on  which  troops  of  small 
univalves  congregate,  and  the  pretty  Campanularian  Zoophyte 
Olytia  Johnstoni,  displays  its  ringed  pedicels  and  crystal  cups,  or  the 
Plumularia  (P.  echinulata)  hangs  its  plume-like  shoots;  while 
studding  them,  here  and  there,  are  numbers  of  the  beautiful  Ane- 
mone, Anthea  cereus,  looking  like  full-blown  flowers,  and  waving 
to  and  fro  with  every  movement  of  the  water.  It  is  a  charming  scene, 
and  we  leave  it  with  reluctance  to  cast  the  dredge  under  the  rocky  wall 
of  the  estuary  at  the  opposite  side.  Here  we  are  in  the  region  of  the 
JEalidrys  siliquosa,  the  most  productive  of  Algse  to  the  zoologist.  I 
have  already  referred  to  some  of  the  Tunicates  and  PoZy  «oa,whichinvest 
it ;  to  these  must  be  added  the  beautiful  Zoophyte,  the  '^  Podded 
Coralline,'^  between  which  and  the  Halidrys  there  is  a  close  alliance, 
and  which  covers  the  weed  with  its  netted  fibre  and  graceful  plumes. 
But  the  fairest  parasite  of  the  Halidrys^  and  perhaps  the  chief  glory 
of  Salcombe  Bay,  zoologically  viewed,  is  the  Mimosella  gra/dlis,  a 
Polyzoon,  unique  in  some  respects,  and  of  which  this  is  the  original 
habitat.*  It  belongs  to  the  Yesicularian  family,  the  members  of 
which  exhibit  a  decided  preference  for  this  weed,  and  climb  over  it 
with  a  kind  of  tropical  luxuriance.  The  striking  characteristics  of 
the  Mimosella  may  be  briefly  given,  without  resorting  to  technical 
phraseology.  It  forms  luxuriant  confervoid  tufts,  much  and  irregu- 
larly branched,  which  rise  from  a  delicate  fibre  spreading  over  the 
surface  of  the  weed  ;  the  main  stems,  which  are  homy  in  sub- 
stance, taper  upwards,  and  run  out  into  tendril-like  prolongations  • 
the  branches  are  opposite,  and  bear  the  oval  cells  of  the  polypides, 
ranged  along  each  side  in  a  double  series.  But  now  comes  the  dis- 
tinctive peculiarity ;  the  cells,  instead  of  being  fixed,  as  in  all  other 
known  Polyzoa,  are  so  constructed^that  they  can  be  swayed  to  and 
fro  by  their  tenants,  on  a  kind  of  joint  at  the  base.     This  movement 

*  I  have  onlj  foand  the  Mimosetla  in  one  other  localitj.  When  dredging  in  Torbaj* 
it  occurred  on  masses  of  the  Salidryt  torn  from  the  submerged  base  of  Berry  Head. 
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of  the  cells  always  accompanies  either  the  retraction  or  expansion 
of  the  poljpides  j  when  about  to  issue  from  their  little  dwellings 
they  throw  back  the  cell^  and  then  instantly  dart  forth ;  as  they 
withdraw^  the  cells  on  the  pinns9  fold  together^  like  the  leaflets  of 
the  Mimosa  when  touched.  Eyery  now  and  then^  I  have  noticed^ 
as  if  some  common  impulse  stirred  them^  all  the  polypides  on  a 
single  pinna  will  move  forward  their  cells  and  the  quasi  frond  close^ 
like  the  leaf  of  the  Sensitive  Plant,  if  irritated ;  but  more  generally 
they  are  independent  of  each  other.  Most  interesting  it  is  to  watch 
these  movements ;  to  watch  the  animal  sensitive-leaf  closing,  and 
then  polypide  after  polypide  flinging  back  its  cell  and  expanding  its 
exquisite  bell  of  tentacles.  It  is  a  sight  not  to  be  witnessed  without 
real  enthusiasm  by  any  genuine  naturalist. 

And  is  it  not  a  chief  recommendation  of  the  true  study  of  nature 
that  it  is  constantly  eliciting  these  simple  but  intense  enthusiasms, 
which  help,  with  other  things,  and  more  than  most  things,  to  keep 
a  man's  heart  fresh  and  young,  and  pure  ? 


THE  SCALES  OP  THE  LEPIDOPTERA :  RESEARCHES  OP 

DR.  PIGOTT. 

BT  HENBY  J.   SLA.CE,   F.G.S.,   SEC.   B.M.S. 

(WUh  a  Plate.) 

Dr.  G.  W.  Royston  Pioott  has  recently  astonished  the  world  of 
microscopical  observers,  by  telling  them  very  plainly  two  startling, 
and  to  many  unwelcome,  truths,  for  such  we  must  pronounce  them. 
Firstly,  he  says  that  they  have  not  seen  their  favourite  test  object, 
the  Podura  scale  {Lepidocyrtus  curvicollis),  properly ;  secondly,  that 
their  best  object-glasses  are  afflicted])  with  sufficient  spherical 
aberration  to  have  rendered  the  structure  which  he  describes 
invisible. 

Dr.  Pigott's  views  came  before  the  Royal  Microscopical  Sodefy 
at  their  meeting  in  last  November,  when  a  paper  from  him  was 
read  on  "  High  Power  Definition,*'  and  which  was  published  in  the 
December  number  of  the  ''  Monthly  Microscopical  Journal."  In 
that  paper  the  following  passage  occurs,  in  which,  commending  the 
skill  displayed  in  the  construction  of  deep  objectives,  he  says,  '^  Yet 
in  the  best  glasses  there  is  a  certain  residuary  aberration  (chiefly 
spherical)  which  obscures  the  clearjdefinition,  under  a  power  of 
1000,  of  a  string  of  beads  less  than  80,000  to  the  inch,  while  a 
VOL.  I.  K.s. — KO.  I.  » 
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visnal  angle  of  &"  would  represent  an  object  wlioee  diameter  in  the 
field  of  a  microscope  magnifying  1000  linear  mast  be  1 — 8,460,000th 
of  an  inch,  or  less  than  the  3,000,000th  part  of  an  inch.  From  this 
we  can  form  some  idea  of  the  exceedingly  minute  character  of 
objective  aberration :  even  for  a  good  one-eighth  object-glass  it 
does  not  exceed  the  fifty-thousandth  of  an  inch/^  In  the  plate 
illustrating  this  paper.  Fig.  9  is  a  drawing  of  the  beaded  structure 
discorered  in  the  Podura  by  Dr.  Kgott,  on  which  more  will  be 
said.  Let  it  suffice  now  to  note  that  the  beads  are  quite  big  enough 
for  us  to  expect  to  see  them  with  such  glasses  as  we  possess. 
Dr.  Pigott  regards  them  as  about  1 — 150,000th  of  an  inch  in 
diameter. 

Now,  the  first  objection  to  his  theory,  that  the  spherical  aberration 
of  ordinary  good  glasses  obscured  these  beads,  which  I  felt,  was,  that 
the  alleged  aberration  did  not  prevent  such  glasses  showing  similar 
small  objects,  such  as  the  dots  on  the  most  vexatious  diatoms,  the 
structure  of  minute  bacteriums,  etc.,  etc.  As  others  may  feel  this 
objection,  let  us  logically  see  exactly  what  it  is  worth.  It  seems 
to  show  that  the  alleged  spherical  aberration  was  not  the  only  cause 
of  the  invisibility  of  the  beads,  though  it  might  clearly  be  the 
determining  cause.  The  visibility  of  minute  beads  will  depend 
partly  on  their  position,  and  partly  on  their  structm'e  and  special 
action  on  light,  €uid  partly — I  might  say  greatly — on  the  method  of 
illumination  employed.  It  is  plain  that  minute  objects,  more  or  less 
transparent,  arranged  in  successive  layers,  covered  by  membranes, 
and  exerting  peculicur  refractive  and  reflective  power  on  light,  might 
be  quite  invisible,  from  those  conditions ;  or  they  might  be  nearly 
invisible  with  a  particular  objective ;  or,  they  might  be  invisible 
with  what  we  might  call  a  good  glass,  and  become  visible  with  one 
a  little  better. 

I  will  detail  the  steps  I  took  in  this  investigation,  because  others 
may  like  to  follow  or  vary  them.  First,  I  set  to  work  with  a 
Beck's  one-twentieth,  and  careful  illumination  with  Readers  prism, 
and  widi  a  single  radial  slot  stop  and  Boss's  four-tenths  condenser. 
By  getting  the  light  from  one  direction  only  to  fall  at  the  best  angle 
(somewhat  less  than  a  right  angle  to  the  lines  of  marking),  I  soon 
saw  aoToe  dots,  as  Mr.  Beade  had  done  before  me ;  but  I  could  not 
make  out  anything  like  an  upper  and  under  series,  as  described  by 
Dr.  Pigott  in  the  test  Podura. 

Presuming  that  scales  of  Lepidoptera  were  likely  to  be  formed 
according  to  a  nniform  plan,  I  looked  at  a  variety  of  large  and 
easi^  scales   than    those    of  the   Podnridsa,  and  by  employing 
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unilateral  ligbt^  I  soon  came  to  the  conclasion  that  the  principle  on 
which  certain  well-known^  bat  imperfectly  drawn  and  described^ 
markings  were  formed^  was  hj  the  deposition  of  some  soft  material 
between  the  membranes  of  the  scales^  and  in  the  hollows  of  their 
folds^  in  little  drops  or  dots.  In  many  cases  the  resolution  of  such 
markings  into  distinct  dots  or  beads  was  not  difficult.  In  other 
cases  the  beads  seemod  pressed  close  together  and  flattened;  in 
otiiers  they  looked  confluent^  and  in  stiU  others  I  could  not  detect 
any  beaded  stanctnre  at  all. 

Some  will  say  how  are  we  to  know  that  such  scales  are  com- 
posed of  two  membranes,  and  that  one  or  both  is  wrinkled,  cor- 
rugated, or  folded,  whichever  term  may  be  preferred.  Let  us  at 
once  see  what  can  be  done  to  reply  to  these  very  proper  and  judi- 
cious doubts.  I  will  go  back  to  a  paper  in  the  third  volume  of  the 
'^  Transactions  of  the  Microscopical  Society  of  London,'^  by  Mr. 
Warren  De  La  Bue,  on  the  Markings  of  the  Scales  of  Amaihiufia 
Horsfietdii.  The  markings  were  discovered  by  Mr.  De  La  Bue,  using 
a  one-twelfth  objective  of  110^  aperture,  and  I  presume  at  about 
the  dote  of  the  paper,  1848.  What  Mr.  De  La  Bue  saw  and  figured 
is  copied  in  the  plate  illustrating  this  paper.  Fig.  8,  which  repre- 
sents a  sufficient  portion  of  the  scale  to  show  the  beads  properly. 
The  entire  scale  is  figured  in  the  original  illustration. 

Mr.  De  La  Bue  landed  to  Dr.  Bowerbank's  paper  in  the 
''  Entomological  Magazine'^*  as  follows  : — '^  This  gentleman,  after 
minutely  describing  the  methods  adopted  to  dissect  out  and  exhibit 
the  structure  of  the  scales,  came  to  the  conclusion  that  they  consist 
of  three  distinct  layers,  viz.,  the  upper  membrane,  which  con- 
tains the  colouring  matter ;  the  stri®,  which  constitute  the  frame ; 
the  under  membrane,  which  is  nearly  colourless ;  and  finally  the 
ribs,  which  are  in  reality  tubes/'  Probaibly  Dr.  Bowerbank  would 
at  this  date  modify  these  views.  They  seem  to  me  only  partially 
correct.  Mr.  De  La  Bue,  coming  to  his  own  observations,  said, 
''the  cross  stri»,  when  viewed  with  a  one-twelfth  of  110°  aperture, 
and  illuminated  with  a  quarter  of  60°,  used  as  an  achromatic  con- 
denser, and  adjusted  well  to  focus,  came  out  under  a  power  of  825 
diameters  in  beaded  lines,  on  which  protuberances  were  distinctly 
seen;  these  latter,  when  focussed  at  their  summits,  appeared  as 
brown  dots.  The  longitudinal  strisD,  under  the  same  circumstauces, 
have  a  somewhat  corrugated  appearance,  but  not  so  marked,  and  at 
the  upper  surface  similar  dots.''  In  another  passage,  speaking  of 
the  orofts  sbriad,  he  said,  ''  I  have  convinced  myself  by  careful  and 

♦  Vol.  T.,  p.  30a 
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repeated  examinations  that  the  striae  themselves  are  really  beaded. 
.  ,  .  .  The  number  of  beads  in  the  cross  strias  of  the  Ama- 
thusia  are  from  two  to  four :  they  are  not  globular,  but,  on  the  con- 
trary, vary  much  in  shape,  or  are  connected  together  by  a  broad 
neck/' 

Microscopists,  whose  collections  contain  a  slide  of  this  scale, 
may  like,  with  present  means,  to  compare  their  own  observations 
with  Mr.  De  La  Rue's  figure  and  description.  Without  regarding 
it  as  entirely  correct,  it  seems  to  us  an  important  step  towards  the 
recognition  of  a  beaded  structure  in  scales,  the  markings  of  which 
had  been  previously  very  imperfectly  seen. 

Dr.  Carpenter,  apparently  citing  M.  Bern.  Deschamps,  '^  Sur 
^Organisation  des  Ailes  de  LepidoptSres''  (''Ann.  des  Sci.  Nat. 
Ser.  2.  Zool.,''  tome  iii.),  says,  in  his  work  on  the  ''Microscope/' 
"Each  scale  seems  to  be  composed  of  two  superficial  coloured 
laminae  inclosing  a  central  lamina  of  structureless  membrane,  the 
surface  of  which  is  highly  polished,  and  acts  as  a  foil  to  increase 
this  brilliancy  by  reflecting  back  the  light  which  passes  through 
them — ^an  arrangement  that  may  often  be  discovered  in  scales  that 
have  lost  a  portion  of  their  superficial  layer  by  some  accidental 
injury.'' 

I  have  never  seen  any  reason  to  believe  in  this  "  central  lamina." 
I  doubt  there  being  three  layers  in  Lepidoptera  scales.  Dr.  Carpen- 
ter's figure  of  the  Morpho  Menelaus  does  not  exhibit  any  distinct 
resolution  of  the  markings  into  rows  of  dots ;  but  he  speaks  of  the 
strong  longitudinal  striae  as  apparently  due  to  "  ribbed  elevations  of 
the  superficial  layer."  "There  is  also,"  he  adds,  "a  transverse 
striation  which  cannot  be  seen  at  all  with  an  inferior  objective, 
becomes  very  decided  with  a  good  objective  of  medium  focus,  but 
is  found,  when  submitted  to  the  test  of  a  high  power  and  achromatic 
condenser,  to  depend  upon  a  sort  of  beaded  subdivision  of  the 
longitudinal  ribs ;  the  transverse  striae  that  may  be  seen  between  the 
ribs,  being  produced  by  the  beading  of  the  ribs  on  the  other  surface 
of  the  scale."  This  observation  is  very  important,  though  I  do 
not  agree  to  the  term  rib,  nor  do  I  think  constrictions  or  beadings 
of  ribs  are  the  causes  of  the  dots. 

The  "  Micrographical  Journal"  speaks  of  the  striae  on  insect  scales 
as  in  some  cases  composed  of  "  bead-like  dots,"  and  of  the  longi- 
tudinal striae  as  elevations  or  ridges  of  the  surface,  probably  repre- 
senting the  folds  of  the  upper  layer  or  membrane  of  the  scale." 
The  information  on  this  subject,  supplied  by  this  generally  valuable 
work,  is  meagre  and  unsatisfactory. 
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Mr.  Gosse,  in  his  ''  Evenings  with  the  Microscope,"  describing 
the  scale  of  the  Bristle  Tail  {Machilis),  speaks  of  the  longitudinal 
lines  as  "  thickened  ribs/'  which  "  seem  to  be  made  by  elevations 
of  the  membrane  both  above  and  below/*  He  adds,  '' between  the 
ribs,  on  a  larger  scale,  there  are  a  number  of  very  delicate  cross 
lines,  which  are  probably  regular  wrinklings  of  the  depressed  sur- 
face/' Speaking  of  the  Lepisma  scale,  he  notices  that  '^  the  ribs 
on  the  two  surfaces  diverge  at  a  different  angle,  those  of  the  upper 
surfaces  being  the  more  divergent,  divaricating  from  the  foot-stalk, 
while  those  of  the  lower  membrane  are  coarser,  more  nearly  parallel, 
their  bones  ranging  along  the  hind  edge  of  the  scale.  The  effect 
of  the  intersection  of  the  sets  of  lines  at  so  acute  an  angle  is  to 
convey  the  optical  impression  that  the  scale  is  covered  with  short 
irregular  dashes/'  Another  impression  is  that  of  rows  of  false 
dots,  which  always  appear  when  two  very  narrow  cylinders,  or  any 
similar  formation  are  crossed  at  right  angles,  one  set  being  placed 
just  over  the  other. 

M.  Arthur  Chevalier,  in  his  ^'Etudiant  Micrographe"  (1864), 
speaks  of  the  plumules  of  the  Pieris  rapoB  as  a  test-object.  He  says, 
"  With  an  amplification  of  300  times,  we  distinguish  the  granulated 
arrangement  which  gives  the  appearance  of  a  chaplet,  with  a  certain 
interval  between  the  beads.  We  recognize  the  goodness  of  the  in- 
strument by  the  sharpness  of  the  granulations,  and  sometimes  we  can 
count  same  of  them.'*  The  italics  are  the  author's.  He  also  mentions 
the  plomules  of  Pieris  brassicce  as  having  similar  granulations, 
"and  constituting  a  very  difficult  test-object.'*  It  is  really  an 
easy  one. 

Thus  very  little  appears — ^that  I  can  discover — to  have  been  done 
in  the  way  of  recognizing  what  I  think  will  prove  to  be  the  fact, 
that  throughout  the  scales  of  the  Lepidoptera  there  is  a  tendency  to 
formations  which  may  be  described  as  rows  of  beads,  arising  from 
the  internal  surface  of  the  upper  or  lower  membranes,  or  from  both. 

The  scales  of  these  insects  must,  I  suppose,  be  considered 
to  be  dermal  appendages,  and  generally  conforming  to  skin 
formation.  Quekett,  in  his  ''Lectures  on  Histology,"  observes 
that  ''  Entomologists  are  now  in  the  habit  of  describing  the  skin 
of  an  insect  as  consisting  of  three  layers :  viz., — an  epidermis,  rete 
fimcosvm,  and  corium.  The  first  two  are  exceedingly  thin.  The 
epidermis  is  described  as  being  thin  and  structureless.  Mr.  Lowne, 
in  his  valuable  monograph  on  the  blow-fly,  properly  remarks  that 
this  so-called  epidermis  does  not  resemble  the  deciduous  epidermis 
of  the  vertebrates. 
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The  membranes  of  the  wings  of  insects,  and  of  their 
scales,  are,  I  suppose,  of  the  same  nature  as  this  outer  insect 
skin,  and  may  perhaps  be  regarded  as  its  expansions  and  pro- 
longations. 

As  I  see  such  scales,  I  am  led  to  believe  in  an  upper  and  undw 
layer,  and  in  deposits  of  matter  coming  from  one  or  both,  and  lying 
between  the  two.  The  so-called  "  ribs,*'  etc.,  of  butterfly  scales^ 
seem  to  me  only  corrugations  or  wrinkles ;  and  the  beads,  more  or 
less  distinct,  or  coalescent,  as  the  case  may  be,  I  take  to  be 
formed  by  exudations,  in  drops,  from  the  membranes,  consolidating, 
so  far  as  they  do  consolidate,  in  a  definite  form.  It  is  easy  to  find 
on  the  same  scale,  and  frequently  on  a  single  scale,  all  varieties  from 
distinct  and  distant  beads,  to  approximate  beads,  and,  finally, 
confluent  ones — at  least  so  I  see  them ;  but  all  difficult  seeing  is  in 
some  suspense  through  Dr.  Pigott's  researches.  One  of  the  best 
proofs  that  I  have  met  with  that  the  scales  consist  of  two  mem- 
brane's is  in  a  slide  of  Lepisma  scale  I  purchased  from  Dr.  S.  P. 
Woodward^s  collection,  in  which  one  of  the  supposed  mem- 
branes, or,  at  any  rate,  one  sur&ce,  has  been  partially  removed* 
This  is  figured  in  the  Plate  (Fig.  1).  I  cannot  think  it  probable 
that  the  mere  splitting  of  one  membrane  would  have  yielded  this 
result.  The  rod-like  ''ribs'* — a  beaded  structure — of  the  lower 
membrane  (the  upper  one  in  the  slide)  are  broken  off,  and  the 
folds  (as  I  see  them),  running  diagonally  of  the  upper  membrane, 
with  its  under  surface  thus  uncovered,  are  very  distinct.  We  can 
easily  appreciate  Mr.  Gosse's  remarks  from  scales  in  this  state. 

It  frequently  happens  that  the  slanting  wrinkles  of  the  npper 
scale  seen  through  the  perpendicular  wrinkles  and  markings  of  the 
under  scale  (usually  uppermost  in  slides)  gives  a  twisted  harlei^ 
sugar-stick  aspect,  as  shown  in  Fig.  2.  Those  who  are  too  learned 
for  anything  so  simple  as  a  comparison  with  barley-sugar-stick, 
may  call  this  appearance  ''  cylindro-gyrate,''  which  will  Bound 
very  fine. 

On  looking  through  a  series  of  Lepisma  scales,  the  extent  of 
resolution  into  beads  will  be  found  to  vary  very  considerably.  Some 
of  the  so-called  ribs  seem  all  dots,  or  beads,  while  others  are  very 
obstinate  in  resisting  even  approximate  resolution.  The  corru- 
gations of  the  upper  membrane  vary  very  much ;  sometimes  making, 
as  in  Fig.  1,  tolerably  wide  plaits,  and  at  others  coming  much  closer 
together.  I  have  not  detected  any  beads  in  this  membrane  in  the 
cases  in  which  it  is  uncovered  by  the  removal  of  the  other  mem- 
brane, but  as  I  do  not  know  under  what  conditions  that  removal 
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took  place^  I  do  not  decidedlj  infer  that  ibe  upper  membrane 
makes  no  beads. 

If  any  one  will  look  tbroagh  scales  of  that  magnificent  bat« 
teiAy, 'the  Morpho  Menelaus,  and  illaminate  with  unilateral  light, 
there  will  be  no  difiBlculty,  with  powers  of  from  500  to  900,  in  seeing 
that  a  great  many  of  the  '^  ribs'^  are  easily  resolved  into  rows  of 
beads  more  or  less  round,  and  more  or  less  approximate.  The 
Toriety  is  very  considerable,  sfi  in  nearly  every  kind  of  scale  I  have 
studied.  Some  of  the  appearances  of  M.  Mendaua  are  shown  in 
Fig.  3. 

I  now  take  one  of  a  common  sort  of  butterfly  scale,  Pieris 
cleracea^  which  came  from  Canada,  but  I  am  told  is  just  like  English 
specimens.  Not  only  do  scales  of  different  shapes  vary  in  minute 
markings,  but  those  of  the  same  shape  vary  from  each  other,  and  on 
the  same  scale  different  parts  vary.  This  is  a  pretty  constant  rule. 
In  the  scale  of  P.  olerdcea  before  me,  the  appearance  is  that  of 
broad  longitudinal  bands,  and  when  properly  illuminated,  they  are 
found  to  be  crossed  by  rows  of  beads,  not  very  regular  in  either  size 
or  position.     They  are  shown  in  Fig.  4. 

I  now  come  to  the  Podurida9,  and  I  have  to  express  my  thanks  to 
Mr.  Mclntire  for  several  specimens.  In  Petrobius  maritimibs.  Fig. 
7,  the  beading  resembles  that  of  the  Pieris  just  mentioned.  What 
appear  as  solid  ribs  with  one  obliquity  of  illumination  come  out  as 
rows  of  beads  in  another.  I  take  this  to  be  a  case  of  folds  or 
wrinkles,  with  beaded  structures  beneath.  Fig.  5  shows  the  beads 
of  Degeeria  domestica  ;  Fig.  6  those  of  Maccrotoma  major.  In  the  last 
scales  it  is  easy  to  show  the  longitudinal  markings  as  rows  of  beads 
nicely  rounded,  and  if  the  power  is  sufficient,  between  each  dcurk 
TOW  on  the  surface  nearest  the  eye  will  be  seen  a  lighter  row  on 
the  upper  surface  of  the  membrane  which  lies  beneath.  In  TempU' 
tenia  nitida  I  have  not  got  beyond  a  suspicion  of  beading,  but  I 
have  little  doubt  it  exista.  When  Mr.  Mclntire  wrote  his  paper, 
which  will  be  found  in  the  ''  Monthly  Microscopical  Joumal^^  for 
Jan.  7,  1870,  he  had  not  paid  sufficient  attention  to  these  beaded 
aspects,  and  I  believe  had  only  partially  seen  them.  I  showed  him 
several  on  the  slides  he  was  kind  enough  to  bring  to  me,  and  he  has 
also  seen  them  at  the  house  of  Dr.  Pigott.  The  appearances  figured 
by  him  and  by  others  are  correct,  ufuier  circumstances  ;  and  before 
arriving  at  final  conclusions,  we  are  bound  to  take  into  consideration 
all  the  aspects  which  these  objects  present,  under  conditions  likely 
to  afford  true  indications  of  what  exists* 

I  have  not  succeeded  in  showing  the  beads  on  the  orthodox  test 
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scale^  commonly  called  '' Podura  scale/'  but  which  systematists  name 
Lepidocyrtus  curvicollis.  Some  bead-like  elevations  may  be  easily 
seen  by  employing  nnilateral  light  and  very  high  powers  from  one- 
eight  upwards^  but  Dr.  Pigott  brings  out  the  appearances  exhibited 
in  Fig.  9. 

Before  seeing  Dr.  Pigott^s  operations,  which  he  kindly  invited  me 
to  witness,  I  thought  it  desirable  to  go  through  the  preceding 
investigations,  and  they  left  me  no  excuse  for  doubting  the  reality 
of  what  he  displayed ;  and  the  accuracy  of  his  methods  were  sub- 
stantiated by  the  fact  that  it  improved,  without  materially  changing 
the  appearance  of  that  well-known  object,  the  Pleurosigma  formosum, 
as  shown  by  a  fine  Powell  and  Lealand  immersion  lens. 

Dr.  Pigott's  mathematical  researches  will  come  before  the  Royal 
Society,  and  I  understand^  that  from  the  care  he  has  taken^  there  is 
little  doubt  of  their  complete  accceptance  by  those  who  are  capable 
of  following  this  sort  of  investigation.  Without  detracting  from  his 
discoveries,  I  may  venture  to  hope  that  a  simpler  and  easier  method 
than  he  now  employs  may  be  found  out.  It  would  obviously  be 
well,  if  possible,  that  each  object-glass  should  carry  its  own  means 
of  correcting  its  own  aberrations.  As  exactly  what  Dr.  Pigott 
does  to  ^^ balance  the  uncompensated  residuary  aberrations^'  of 
ordinary  glasses  will  shortly  be  published,  I  will  say  no  more  now 
on  this  matter,  but  record  my  decided  opinion  that  opticians  will 
make  a  very  great  mistake  if  they  do  not  take  the  earliest  oppor- 
tunity of  studying  his  researches,  with  a  view  to  give  practical  effect 
to  them  in  their  future  work. 

The  subjoined  extract  from  Dr.  Pigott's  paper  ("  Monthly  Mic. 
Jour.'')  will  show  what  he  sees: — *^A.  Battledore  scales  of  azure 
blue.  The  whole  surface  is  beaded  over ;  the  large  beads,  seen  with 
a  half-inch,  are  formed  of  a  mass  of  strings  of  beads,  crossing  and 
recrossing. 

^^  B.  Fine,  transparent^  and  smallest  striated  scale  of  azure  blue. 
The  upper  ribs  appear  as  distinct,  ruby-coloured  beading,  between 
and  beneath  which  are  seen,  partly  obscured,  longitudinal  rows 
parallel  to  and  immediately  behind  the  upper  set. 

''  0.  The  translucent  ribbing  of  Lepisma  saccharina  is  formed 
of  regular  beads ;  and  beneath  them  and  radiating  from  the  quilly 
are  lines  of  smaller  beads  crossing  the  upper  set  in  straight  lines. 
I  see  these  yellow  green,  while  the  upper  set  are  brownish  red. 

'*  D.  By  gas  light  I  observed  rows  of  red  spherical  beads,  placed 
upon  the  surface  of  the  test-object  marked  by  the  preparer  of  the- 
scale,  8.  Hippocampus,  alternating  with  yellow-green  rows,  some- 
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what  encroached  npon  by  the  upper  sets,  all  running  parallel  to  the 
axis  of  the  scale. 

''  E.  The  surface  of  metals  and  alloys,  with  a  power  of  1000  dia- 
meters, shows,  under  reflected  light,  particles  apparently  spherical, 
agglomerated  together  with  dark  lines  separating  the  particles/* 

Another  passage  is  well  worth  attention,  because  it  somewhat 
contradicts  ordinary  opinions.  *'In  examining  striated  bodies, 
longitudinal  bands  glisten  with  a  ruby  tint  upon  a  green  or  yellowish 
green  ground.  The  bands  appear  like  pellucid  semitransparent 
cylindrical  ribs,  and  the  flashing  of  their  bodies  with  a  ruby  glow  is 
a  signal  in  my  experience  that  the  aberration  approaches  its  mini- 
mum.*^ Microscopists  will  recognise  the  coincidence  of  these  state- 
ments with  the  action  of  Powell  and  Lealand^s  glasses,  which  often 
give  an  amount  of  colour  that  I,  for  one,  have  taken  for  a  defect. 
Mr.  Wray — who  deserves  to  be  much  better  known — corrects  his 
glasses  upon  a  similar  principle.  I  do  not  venture  to  affirm  that 
Dr.  Pigott  is  quite  right,  but  it  is  not  at  all  unlikely  that  when 
minute  beads  of  a  refracting  substance,  or  their  films,  receive  light 
at  the  angle  best  for  the  exhibition  of  the  structure  in  question,  the 
proper  optical  efiects  may  be  the  splendid  tints  which  many  of  us 
have  assigned  to  imperfections  of  chromatic  correction.  Showing 
an  object  free  from  colour  is  not  necessarily  a  proof  of  the  accuracy 
of  the  corrections  of  a  glass.  The  inquiry  arises  whether  or  not 
there  is  colour  to  be  seen.  In  soap-bubble  films  we  have  a  popular 
illustration  of  a  colourless  film  exhibiting  rainbow  hues,  because 
the  reflexions  of  hght  from  its  two  surfaces — internal  and  external 
— ^lead  to  the  interferences  of  rays  by  which  colour  is  produced. 
If  we  had  a  pair  of  spectacles  which  prevented  our  seeing  these 
colours  we  should  not  praise  their  accuracy;  and,  before  we  con- 
demn a  glass  for  showing  colour  when  films  and  minute  beads 
are  in  the  field,  we  must  consider  what  actions  upon  light  really 
occur. 

I  made  my  investigations  as  detailed  in  this  paper  with  a  fine 
one-fifbh  of  Beck's,  and  Eoss's  0  and  D  eye-pieces,  when  the  cover- 
ing glass  on  my  shdes  was  too  thick  to  permit  the  employment  of 
a  higher  objective.  Upon  the  Poduridee  I  used  Beck's  one- 
twentieth,  with  A,  B,  and  C  eye-pieces,  usually  the  B.  For  illumina- 
tion I  used  the  Bead  prism  with  some  satisfaction,  but  I  preferred 
Boss's  four-tenths  condenser  with  one  radial  slot,  and  an  aperture  of 
from  seventy  to  ninety,  and  in  some  eases  one  hundred  and  nine 
degrees.  To  avoid  fog  I  found  it  advisable  to  adjust  the  condenser 
by  using  its  optical  portion  as  an  object  glass,  and  looking  with  it 
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at  a  slide  of  the  scales  tamed  upside  down.  As  soon  as  I  Iiad 
got  the  best  adjustment  for  thickness  of  the  glass^  etc.^  I  placed  it 
in  its  proper  position. 

It  must  be  observed  that  when  the  beads  are  distincidy  seen  on 
such  of  the  Poduridsd  as  I  have  resolved^  they  may  be  made  to 
vanish  (in  most  cases)  ^  and  another  appearance^  that  of  wrinkles^  pro- 
dnced  by  rotating  the  condenser  a  few  degrees  and  changing  the 
angle  at  which  the  light  strikes  the  object.  With  the  same  correc- 
tions and  the  same  sort  of  illumination^  all  these  aspects  should  be 
taken  into  due  account^  and  likewise  those  which  result  from  other 
modes  of  iUuihination.  It  is  only  by  combining  all  the  appearances 
which  seem  to  give  real  information^  that  we  can  expect  to  arrive  at 
a  true  conception  of  structure. 


ON  THE  MULTIPLE  TAIL   OF  THE    GREAT    COMET   OP 

1744. 

BY   J.   B.  HIND,    P.E.S., 
Corresponding  Member  of  the  Institute  of  France,  etc. 

Everyone  who  has  studied  the  history  of  comets  will  be  aware  that 
by  &r  the  finest  of  the  eighteenth  century  was  the  one  discovered 
by  Klinkenberg^  at  Harlem^  on  December  9^  1743^  and  by  Leys  de 
Gheseaax^  at  Laasanne  on  the  13th.  Bat^  according  to  the  conve« 
nient  method  now  universally  adopted  of  assigning  the  comet  to  the 
year  in  which  the  perhelion  occurs^  distinguished  as  the  great  comet 
of  1744.  In  February,  in  that  year,  its  brilliancy  had  become  very 
remarakble.  On  the  10th  it  was  almost  equal  to  Yega  and  Bigel, 
but  less  bright  than  Sirius.  On  the  13th  its  light  was  between  that 
of  Yega  and  Sirius  j  and  the  same  on  the  15th,  when  the  length  of 
the  tail  was  from  1 7^  to  18^.  It  was  observed  at  noonday  on  the 
meridian  at  Shirbum  Castle,  the  seat  of  the  Earl  of  Macclesfield, 
on  February  28  and  29,  and  by  Bradley  on  the  29th ;  while  Zanotti 
and  Matheucci  saw  it  at  Bologna  on  seven  days  in  full  daylight.  A 
noonday  observation  was  also  taken  at  Yerona  at  the  observatory  of 
Count  Massaei  on  February  29.  But  the  most  remarkable  charac* 
teristic  of  the  appearance  of  this  fine  comet,  was  the  multiple  tail 
exhibited  a  week  after  the  perihelion  passage,  the  accuracy  of  which 
observation  has,  until  very  recently,  rested  upon  the  sole  authority 
of  Leys  de  Cheseauz.     His  description  of  the  phenomenon  is  con- 
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tamed  in  a  special  treatise  upon  the  cornet^  entitled^  '^  Traits  de  la 
Comefce  qui  a  para  en  D^.  1743^  etc.  Lausanne  et  Geneve,  1744/' 
This  work  has  now  become  rety  rare,  bat  I  subjoin  a  translation  of 
p.  158,  et  seq.,  which  relates  to  the  multiple  tail. 

''  The  sky  was  wholly  covered  from  the  1st  of  March  until  the 
7th ;  on  this  day  it  cleared  and  gave  us  some  hope  of  seeing  the  tail. 
I  had  prepared  myself  to  see  it  under  the  aspect  I  had  surmised  on 
the  14th.  I  descended  with  a  friend  at  4  h.  a.m.  into  the  garden, 
from  which  the  east  was  open.  This  friend  walked  first  and  sur- 
prised me  much  by  saying  that  instead  of  two  tails  he  saw  five.  I 
could  not  believe  it,  when,  having  passed  some  buildings  which  had 
hidden  the  east  from  me,  I  discovered  in  reality  five  great  tails  in 
the  form  of  white  rays,  which  raised  themselves,  some  more,  others 
less,  obliquely  to  the  horizon,  to  an  altitude  of  22^,  and  occupying 
as  large  an  amplitude.  These  rays  were  about  4°  in  breadth,  but 
contracted  a  little  towards  the  horizon.  Their  borders  were  very 
distinct  and  rectilinear,  each  of  them  was  composed  of  three  bands  ; 
that  in  the  middle  was  the  more  obscure,  and  twice  as  broad  as 
those  of  the  borders.  These  were  precisely  of  the  colour  of  the 
brightest  regions  of  the  Via  Lactea,  which  are  between  Antinous  and 
Sagittarius,  and  Opiuchns  and  Scorpio.  Between  each  two  rays  it 
was  as  dark  as  the  rest  of  the  sky,  still  in  their  lower  part  was  a 
light  like  that  of  the  extremity  of  these  rays,  as  though  it  had  been 
the  extremity  of  other  shorter  streamers.  Besides  these  five  tails 
bordered  with  white  bands,  there  was  a  sixth,  much  shorter,  in 
which  no  bands  could  be  remarked,  perhaps  because  it  was  so  low. 
This  SLsth,  joined  to  the  ten  bands  the  brightest  of  the  others, 
formed  the  appearance  of  eleven  rays.'' 

M.  Cheseaox  then  gives  the  positions  of  the  extremities  of  the 
south  branch  of  the  tail,  of  that  of  the  fourth,  and  of  the  superior 
extremity  of  the  left  band.  They  are  expressed  in  longitude  and 
latitude. 


Soathem  tail 

long. 

807-55 

+  9"   0' 

Fourth  tail 

319-55 

+34   15 

Left-hand  tail 

335-45 

+34    0 

Cheeeaox  then  remarks  that  the  phenomenon  followed  perfectly 
the  motion  of  the  fixed  stars,  with  regard  to  which  it  appeared 
quite  motionless.  Its  greatest  brightness  was  at  about  4  a.m. 
At  Lausanne  it  was  seen  by  eighteen  persons,  and  by  several  at 
Berne ;  but  on  account  of  unfavourable  weather,  Gheseaux  adds,  it 
was  not  observed  at  Geneva  nor  in  Paris.     He  then  gives  reasons 
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for  concluding  tliat  the  phenomenon  was  really  an  astronomical  one, 
and  connected  with  the  comet.  During  the  two  nights  it  was 
witnessed,  the  sky  was  very  transparent,  not  the  smallest  cloud  nor 
the  least  mist  being  present,  and  it  was  especially  remarkable  that 
the  rays  converged  upon  a  point  which  must  have  been  almost  the 
position  of  the  comet's  nucleus,  then  below  the  horizon. 

These  observations  of  Leys  de  Cheseaux  have  found  mention  in 
most  of  our  treatises  on  astronomy ;  but  doubts  have  frequently 
been  expressed  as  to  the  real  connection  of  the  streamers  with  the 
comet,*  notwithstanding  the  somewhat  cogent  reasons  advanced  in 
favour  of  this  view  by  Cheseaux,  as  above  noticed.  Thanks  to  Dr. 
Winnecke,  we  are  now  in  possession  of  corroborative  and,  indeed, 
conclusive  evidence  that  at  the  time  in  question  the  comet  did  exhibit 
a  multiple  tail.  It  is  known  that  the  French  astronomer,  Delisle, 
made  a  journey  to  St.  Petersburg  in  the  years  1 726 — 1747.  Materials, 
as  astronomical  observations,  etc.,  were  left  by  him,  which  are  now 
in  the  possession  of  the  Imperial  Observatory  at  Pulkova,  the  non- 
publication  of  which  at  a  timely  epoch  Dr.  Winnecke  deplores 
as  a  great  loss  to  science.  Amongst  Delisle's  manuscripts,  are 
observations  of  the  great  comet  of  1744,  taken  in  St.  Petersburg, 
from  the  middle  of  January  to  the  end  of  the  first  week  in  March. 
Under  date  "  the  night  of  the  6th  to  7th  of  March,''  we  have  the 
following : — 

'^  Clouds  had  prevented  me  from  observing  the  comet  in  the 
morning,  since  February  the  29th,  but  the  sky  having  cleared  for 
the  first  time  on  the  morning  of  the  6th,  at  the  hour  and  in  the 
direction  of  the  rising  of  the  comet,  and  of  the  sun,  that  is  to  say, 
in  the  east,  I  looked  from  4h.  until  past  5h.,  if  I  could  not  see  the 
comet  which  I  was  unable  to  do ;  but  I  remarked  many  luminous 
trains  in  form  of  tails  of  a  comet,  which  rose  above  the  horizon, 
directed  from  the  mouth  of  Pegasus  and  of  the  Little  Horse,  towards 
the  Swan ;  they  were  15°  to  20°  in  length.  I  did  not  pay  it  great 
attention  this  morning  (the  6th),  on  account  of  some  clouds  which 
were  in  the  neighbourhood,  having  regarded  these  appearances  sa 
aerial  phenomena  composing  a  kind  of  Aurora  Borealis ;  but  to-day, 
7th  of  March,  in  the  morning,  these  appearances  being  again  pre- 
sented  in  a  very  clear  sky,  I  thought  it  proper  to  pay  them  more 
attention ;   I  remarked  four ;   of  which  the  most  distinct  persisted, 

*  Admiral  Smjth  ("  Cycle  of  Celestial  Objects,  i,  p.  218/'}  contents  himself  with 
observing,  ^*The  well-known  drawing  of  this  phenomenon  hy  M.  Cheseaux,  though 
honoured  with  the  adoption  of  Delambre,  bears  internal  evidence  of  a  difference  of  opinion 
between  nature  and  the  artist." 
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more  than  an  hoar^  in  the  situation  marked  on  the  figure  with  re- 
gard to  the  star  6  in  the  mouth  of  Pegasus^  and  the  small  unformed 
star  e,  which  is  between  the  mouth  of  Pegasus  and  the  southern 
wing  of  Cygnufl.  The  phenomenon  continued  from  4h.,  when  I  rose 
and  began  to  perceive  it^  until  the  strong  twilight  caused  it  to  dis- 
appear a  little  after  5h/' 

On  the  mornings  of  the  8th  and  9th  the  sky  was  covered^  but  on 
the  Tory  clear  morning  of  the  18th^  nothing  could  be  seen  of  these 
tails ;  Dr.  Winnecke  points  out  that  two  of  the  streamers  were 
observed  in  common  by  Cheseaux  and  Delisle^  though  the  agree- 
ment of  position  is  not  quite  exacts  seeing  that  they  were 
observed  on  different  mornings  at  Lausanne  and  St.  Petersburg. 
The  two  easterly  St.  Petersburg  branches  were  not  seen  by 
Cheseaux^  being  too  near  his  horizon^  and  for  a  similar  reason 
Delisle  did  not  detect  the  two  westerly  ones^  remarked  at 
Lausanne. 

It  may  not  be  out  of  place  here  to  append  a  few  particulars  given 
by  Delisle,  regarding  the  appearance  of  the  comet,  which,  so  far  as 
I  am  aware,  are  as  yet  only  published  in  Dr.  Winnecke's  paper— 
'' Melanges  Mathematiques  et  Astronomiques  tir^s  du  Bulletin  de 
TAcad^mie  Imp^riale  des  Sciences  de  St.  P^tersburg,^'  tome  iii. 
p.  503,  et  seq. 

'^  January  18th.  The  comet  appeared  as  bright  as  Algenib,  and 
the  star  in  the  head  of  Andromeda;  the  direction  of  the  tail  was 
almost  parallel  to  that  of  the  stars  marked  on  Flamsteed's  chart  x 
and  Uj  and  the  length  was  equal  to  the  distance  between  them,  or  2° 
22'.     Position  angle  of  tail=49°. 

'^  January  24th.  It  appeared  brighter  than  the  star  in  the  ex- 
tremity of  the  wing  of  Pegasus  (Algenib),  or  than  that  in  the  head 
of  Andromeda,  so  that  it  approached  a  star  of  the  first  magnitude 
in  brilliancy,  but  was  larger. 

"  February  4th.  It  was  larger  than  stars  of  the  first  mag- 
nitude, but  not  so  bright  as  Sinus  or  a  Lyrse.  The  tail  was  10^ 
long  j  its  position  angle  50^. 

''  February  5th.  The  tail  was  about  1 7°  in  length,  but  it  was 
very  difficult  to  judge^of  its  termination,  owing  to  the  faint  light  of 
the  extremity. 

''February  7th.  The  tail  extended  to  €  Andromedas,  aiid  was 
therefore  about  17^^  in  length.  Position-angle  of  tail  46^,  but 
uncertain. 

''  February  10th.  It  was  almost  equal  to  Vega  and  Bigel,  but 
less  than  Sirius ;  the  tail,  which  was  broad,  appeared  divided  into 
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two  brandies  of  unequal  lengthy  Hie  one  12^  and  the  other^  wliidb 
extended  to  v  Andromedas^  aboat  7° ;  ifcs  breadth  at  this  star  1|^. 

'^  Febmary  1 1th.  Comet  very  bright^  equalled,  or  even  sarpassed 
Yenus^  but  was  inferior  to  Sirius.  The  tail  longer  than  yesterdi^ 
and  very  broad;  length  17^;   position-angle  of  longest  tail  40^. 

'^  February  13th.  The  light  of  the  comet  again  between  that  of 
Yoga  and  and  of  Sinus.     Position-angle  of  tail  48^. 

*'  February  15th.  Tail  from  17°  to  18°.  Comet's  brightness  as 
on  13th. 

'^  February  18th.  Tbe  tail  was  longer  on  the  right  than  on  the 
left  side ;  on  the  right  it  extended  to  the  stars  o,  p^  tr  Andromedse, 
and  was  nearly  26°  in  length.  On  tiie  left  side  it  was  somewhat 
curved. 

'^  On  the  11th  of  February  the  comef  s  distance  from  the  sun  was 
0*5308^  and  from  the  earth  0*9108^  whence  the  apparent  length  of 
tail  (17i°)  corresponds  to  a  true  length  of  at  least  twenty-eight 
millions  of  miles. 

"  On  Mardi  7th  when  the  comet  exhibited  the  multiple  tail^  the 
average  length  of  the  branches  appears  to  have  been  about  42°. 
At  this  time  the  distance  from  the  sun  was  0*3 1 36^  and  from  the 
earth  1*0171  ;  giving  a  true  length  of  one  hundred  and  seven 
millions  of  miles^  on  the  assumption  that  the  tail  was  a  prolongation 
of  the  radius-vector^  but  as  it  was  then  much  curved  the  actual 
length  of  the  arched  tail  was  of  course  greater.^' 

In  the  year  1843  I  reduced  the  observations  of  this  comet  taken 
by  Bradley,  Maraldi^  Le  Monnier,  and  those  at  Oxford,  with  all  the 
precision  then  attainable ;  the  results  were  published  by  the  late 
Professor  Schumacher  in  the  *"'  Astronomische  Nachriditen,'*  Nos. 
633  and  634.  At  that  time  I  had  not  had  leisure  to  complete  tiie 
investigation  by  a  new  determination  of  the  orbit;  I  have  since 
satisfied  myself  that  it  approached  very  closely  to  a  parabola,  and 
that  if  elliptic  at  all,  it  will  be  a  very  remote  posterity  indeed 
that  will  be  interested  in  its  return.  It  is  by  no  means  improbable 
that  the  appearance  of  this  splendid  comet  in  1743 — 44  constituted 
its  first  visit  to  these  parts  of  the  universe. 

The  work  of  Loys  de  Cheseaux  referred  ^  above,  has  become, 
as  already  remarked,  very  scarce,  but  a  copy  exists  in  the  library  o^ 
the  Royal  Astronomical  Society,  which  is  now  particularly  rich  in 
old  astronomical  works,  chiefly  through  the  admirable  adminis- 
tration of  the  Tumor  fund. 
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THE  PROGRESS  OP  THE  MONT  CENIS  TUNNEL, 

BY  H.   OAZIK. 
Truulated  by  Townshend  M.  Hall,  F.GI^.S.,  etc. 

At  one  of  the  last  meetings  of  the  Scientific  Association  of  Prance, 
held  at  the  Imperial  Observatory,  M.  Gazin  presented  a  report  of 
his  visit  to  the  works  now  in  process  on  the  Italian  side  of  the 
mountain;  where  the  laborious  task  of  piercing  the  tunnel  is 
further  advanced  than  it  is  on  the  Prench  side.  As  this  report 
appears  in  the  last  number  of  the  ^^  Revue  des  cours  scientifiques," 
we  are  enabled  to  give  our  readers  some  idea  of  the  state  of  the 
works  at  the  present  moment. 

If  we  foUow  M.  Gazin  in  his  interesting  visit,  and  transport 
ourselves  with  him  to  the  entrance  of  the  tunnel,  we  should  descend 
by  a  ladder  of  four  hundred  and  fifty-eight  rounds,  on  either  side 
of  which  run  pipes  containing  compressed  air,  and  we  should  then 
find  ourselves  at  the  mouth  of  a  vast  excavation,  into  which  the 
eye  attempts  in  vain  to  penetrate.  Not  a  sound  is  to  be  heard, 
not  a  glinmier  of  light  is  to  be  seen,  although  there  are  probably 
upwards  of  two  hundred  and  forty  workmen,  and  forty  horses, 
employed  by  the  light  of  three  hundred  lamps.  But  as  they  are 
situated  at  a  distance  of  18,128  feet  from  us^  neither  the  sound  nor 
the  light  can  reach  as  far  as  the  entrance  of  the  gallery.  The  noise 
caused  by  an  electric  bell  is,  indeed,  our  only  indication  of  the 
presence  of  living  beings  at  the  extreme  end  of  the  dark  abyss. 

Having  arrived  at  the  entrance  of  the  tunnel,  we  are  able  to 
form  some  conception  of  its  shape.  Its  section  is  nearly  that  of  a 
circle,  of  which  the  radius  is  thirteen  feet  one  and  a  half  inches, 
and  the  diameter  twenty-three  feet  two  inches — this  last  number 
representing  its  size  when  measured  &om  the  level  of  the  rails. 
Two  lines  of  rails  are  laid  down  for  the  ingress  and  egress  of  the 
trucks,  whilst  on  either  side  is  a  foot-path  twenty-seven  and  a  half 
inches  in  width.  Between  the  two  lines  runs  the  pipe  which 
conveys  the  compressed  air,  and  as  the  work  advances  the  sides  of 
the  tunnel  are  lined  with  masonry.  At  the  entrance  of  the  gallery 
is  the  large  building  which  contains  the  machine  used  for  the 
removal  of  the  vitiated  air.  This  machine  is  set  in  motion,  not  by 
steam,  but  by  the  descent  of  an  enormous  body  of  water,  brought 
down  from  the  mountain.  A  piston  alternately  rising  and  falling 
by  the  pressure  of  the  descending  water,  produces  a  vacuum  which 
is  conducted  to  the  furthest  end  of  the  gallery  by  means  of  a  pipe, 
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and  the  suction  exerted  by  this  apparatus  is  so  strong  and  con- 
tinuous that  it  is  found  to  exhaust  the  vitiated  air  from  the  work- 
ingS;  at  the  enormous  rate  of  48,000  cubic  metres  per  minute. 

The  compression  of  the  air  is  carried  on  by  means  of  an 
hydraulic  machine  much  resembling  the  preceding  one  in  its 
construction,  and  which  is  set  in  motion  by  the  same  fall  of  water. 
The  pipe  by  which  the  compressed  air  penetrates  the  galleries,  runs 
side  by  side  with  that  used  for  the  extraction  of  the  foul  air.  This 
compressed  air  is,  as  we  shall  presently  describe,  the  mechanical 
agent  employed  for  the  purpose  of  driving  the  boring  tools  against 
the  rock,  and  thus,  by  preparing  the  holes  for  receiving  the  gun- 
powder, to  facilitate  the  blasting  of  the  rock. 

As  regards  the  manner  in  which  the  compressed  air  is  able  to 
set  in  action  the  borers,  and  to  drive  them  into  the  rock,  we  must 
give,  as  it  deserves,  a  more  minute  description,  since  an  instrument 
of  very  peculiar  construction,  termed  a  ''  perforator,''  is  employed 
in  the  performance  of  this  part  of  the  work.  The  mechanism  of 
the  perforator  is  as  follows : — A  boring  tool  is  fixed  to  a  piston 
working  in  a  cylinder,  into  which  the  compressed  air  may  be 
admitted  at  pleasure.  A  valve,  working  up  and  down,  regulates 
the  admission  and  discharge  of  the  air,  according  as  the  piston  is 
either  propelled  or  withdrawn  after  the  blow  of  the  borer  against 
the  rock.  A  small  tank  of  compressed  air  placed  near  the  cylinder 
works  by  a  cogged  wheel,  which  draws  with  it  both  the  borer  and 
the  piston,  making  them  at  the  same  time  undergo  a  partial  revolu- 
tion. The  borer,  therefore,  in  driving  a  hole  into  the  rock,  gradually 
twists  itself  round  like  a  gimlet.  When  it  has  advanced  a  certain 
distance  it  works  on  a  lever,  which  is  connected  with  the  cogged- 
wheel  by  a  screw,  this  screw,  by  turning  in  a  socket,  guides  and 
pushes  the  cylinder  before  it,  and  by  this  arrangement  the  machine 
is  made  both  to  work  into  the  rock,  and  to  advance  itself  forward  at 
the  same  time.  Another  piece  of  mechanism  allows  the  workmen  to 
shift  the  whole  apparatus  whenever  it  is  necessary. 

If  we  wish  to  see  this  machine  in  action,  we  must  follow  M. 
Cazin  in  his  visit  to  the  workmen  at  the  furthest  end  of  the  gallery. 
After  having  passed  the  portion  of  the  tunnel  where  the  sides 
are  already  lined  with  masonry,  we  arrive  at  the  scaffolding  where 
the  work  is  actually  in  progress.  Here  the  miners  are  engaged  in 
piercing  the  holes  in  the  rock,  making  use  of  the  tools  worked  by 
the  compressed  air.  A  wooden  platform  divides  the  tunnel  into 
two  stages.  Placed  on  the  upper  stage  are  the  workmen  boring 
holes  for  the  reception  of  the  gunpowder,  which^  when  they  have 
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cliarged  with  the  powder^  they  fire  by  means  of  a  fuse^  and  then 
retire  to  a  safe  distance.  Afler  the  explosion  has  taken  place^  a 
valve  is  opened,  and  a  violent  stream  of  compressed  air  is  let  ont 
for  the  purpose  of  dispersing  the  smoke^  and  purifying  the  atmo- 
sphere. New  borings  are  immediately  commenced^  and  the  same 
process  is  repeated  without  intermission. 

At  this  distance  the  temperature  is  moderate^  and  the  air  clear^ 
but  the  noise  is  almost  unbearable^  for  just  in  front  of  us  are  ten 
borers  at  work,  striking  the  rock  at  the  rate  of  200  times  a  minute, 
with  a  force  of  198  lbs.  The  small  gallery  is  httle  more  than 
twelve  feet  wide,  with  a  height  of  eight  feet  six  inches.  The  frame 
which  carries  the  ten  perforators  runs  on  two  rails,  and  the  con- 
struction of  it  is  such  that  it  is  capable  of  piercing  one  hundred 
holes,  to  a  depth  of  from  eleven  to  fifteen  inches,  in  six  hours,  over 
a  surface  of  eighty  square  feet.  Another  machine  mounted  on  the 
same  frame,  allows  of  its  being  pushed  either  forward  or  backward, 
whilst  a  catch  serves  to  keep  it  stationary  on  the. rails  during  the 
work  of  perforation.  In  addition  to  this,  another  carriage  or  tender 
is  placed  behind  the  frame,  and  carries  tanks  containing  water  and 
compressed  air.  The  water  is  injected  by  the  aid  of  a  flexible  tube 
round  each  borer  in  working  the  holes;  this  prevents  the  tools 
becoming  heated,  and  also  removes  all  the  small  particles  of  rock. 
A  pimip  set  in  motion  by  compressed  air  draws  up  the  water  from 
wells,  which  are  constructed  at  certain  distances,  and  fills  the  reser- 
voirs of  the  tender. 

After  the  holes  are  bored,  they  are  dried  by  a  jet  of  air,  and  a 
certain  number  of  cartridges  are  then  inserted  in  the  central  holes, 
leaving  the  remainder  empty,  in  order  to  give  a  line  of  the  least 
resistance. 

The  perforators,  with  their  frame  and  tender,  are  then  removed 
to  a  distance  of  thirty-two  yards  from  the  face  of  the  rock,  whilst 
the  workmen  retire  to  ten  times  that  distance.  When  the  explosion 
has  taken  place,  it  is  found  to  have  left  a  breach  in  the  centre  of  the 
rock,  and  this  is  subsequently  enlarged  by  introducing  cartridges 
into  the  remaining  side-holes.  At  the  moment  the  charges  are 
fired,  all  the  air  conduits  are  opened,  so  that  the  smoke  may  be  dis- 
persed as  soon  as  possible.  When  all  the  mines  are  sprung,  the 
rubbish  is  thrown  into  small  trucks,  which  run  on  either  side  of 
the  perforating  machine,  and  then  is  transferred  to  ballast  waggons, 
drawn  on  the  railway  by  horses. 

It  is  thus  that  the  workmen  employed  in  this  difficult  and  com- 
pUcated  task  advance  little  by  little;   each  day  upwards  of  720 
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charges  are  fired,  consnming  from  485  to  551  lbs.  of  powder.  Erery 
set  of  explosions  affords  a  rest  of  about  ten  minutes^  and  the  gangs 
of  men  are  relieved  three  times  in  the  course  of  the  twenty-four 
hours^  so  that  no  workman  is  employed  more  than  eight  hours  at 
a  time. 

Having  witnessed  the  blasting  operation<9^  M.  Cazin  returned  to 
the  entrance  of  the  gallery,  and  on  his  way  he  found  an  accumulation 
of  smoke  just  at  the  spot  where  the  masons  were  engaged  building 
the  arch  of  the  tunnel.  This  was  the  point  where  the  two  opposing 
currents  of  air  met  each  other — the  one  coming  from  the  bottom  of 
the  gallery  was  being  driven  out  by  the  emission  of  compressed  air, 
whilst  the  other,  coming  from  the  entrance  of  the  tunnel,  was  being 
driven  in  by  the  action  of  the  ventilating  machine.  When  he  had 
passed  this  point  the  atmosphere  became  pure  again,  and  so  contmued 
till  he  arrived  at  the  mouth  of  the  tunnel. 

M.  Cazin,  in  the  course  of  his  paper,  discusses  several  inte- 
resting questions.  Amongst  these  the  first  is — How  is  it  possible 
in  cutting  through  such  a  thickness  of  mountain,  and  commencing 
at  both  ends,  to  trace  the  direction  of  the  tunnel,  without  having 
any  common  point  of  observation,  or  any  possible  communication 
between  the  two  extremities,  by  which  to  level.  In  1857,  Messrs. 
Borelli  and  CapeUo,  two  Italian  engineers,  made  the  geodetical  mea- 
surements which  were  required  to  solve  this  problem — a  problem,  it 
is  scarcely  necessary  to  say,  which  presented  considerable  difficulty. 
They  selected  for  the  direction  of  the  future  tunnel  two  straight 
lines.  That  on  the  French  side  starting  from  Modane  at  an  eleva- 
tion of  3943  feet  above  the  sea,  and  rising  with  the  gradient  of  one 
in  forty-five.  The  other  line  left  Bardonn^che  on  the  Italian  side  at 
an  elevation  of  4380  feet,  and  rose  with  a  slight  gradient  of  1  in 
2000.  This  direction  from  Modane  to  Bardonn^che  having  been 
indicated  many  years  previously  by  M.  M^dail  as  the  most  favour- 
able, and  as  presenting  the  least  amount  of  difficulty.  The  method 
by  which  the  engineers  are  able  to  insure  the  meeting  in  the  centre 
ci  the  mountain  of  two  galleries  begun  on  either  side  requires  a 
few  words  of  explanation.  On  a  slope  opposite  each  end  of  the 
tunnel  is  fixed  a  glass,  the  axis  of  which  gives  the  line  or  direction 
of  the  tunnel.  On  the  highest  point  of  the  mountain,  9C79  feet 
above  the  sea-level,  a  theodolite  is  placed,  by  the  aid  of  which  the 
two  lines,  with  their  respective  gradients  may  be  connect«ed  with 
each  other.  It  is  then  easy,  by  the  assistance  of  landmarks  erected 
on  the  mountain,  to  lay  down  on  a  plan  the  axis  of  each  glass,  and 
so  obtain  the  exact  direction  in  which  the  tunnel  is  progressing. 
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These  same  landmarks  are  also  frequently  employed  in  tHe  course  of 
the  works  to  verify  the  position  of  the  glasses. 

The  total  length  of  the  tunnel^  calculated  from  all  the  results  of 
the  triangulation,  is  12^220  metres^  or^  in  other  words^  7  miles  4 
furlongs  164  yards  and  1  foot.  The  second  question  discussed  by 
M.  Cazin  has  reference  to  the  geological  composition  of  the  rocks^ 
which  have  been  met  with  in  the  course  of  cutting  through  the 
mountain.  It  is  extremely  carious  to  observe  how  exactly  in  this 
instance  the  predictions  of  science  have  been  fulfilled.  M.  Elie 
de  Beaumont  on  the  one  hand^  and  M.  Sismonda^  the  Italian 
geologist^  on  the  other^  had  expressed  their  opinion  that^  in  proceed- 
ing from  France  into  Italy^  the  following  rocks  would  be  found. 

• 

1.  A  bed  of  schist^  with  anthracite.     Thickness^  from  1500  to 

2000  metres. 

2.  A  bed  of  very  hard  quartzite;  with  a  thickness  of  from  400 

to  600  metres. 

3.  Compact  limestone^  with  gypsum^  anhydrite  and  dolomite  ; 
2000  to  3000  metres. 

4.  A  series  of  calcareous  schists ;  from  7000  to  8000  metres  in 
thickness. 

According  to  M.  Elie  de  Beaumont  and  M.  Sismonda^  no  igneous 
rock  would  be  encountered^  since  all  the  formations  in  these  parts 
of  the  Alps,  belong  to  the  group  of  stratified  rocks,  and  they  con- 
sidered that  the  quartzite  would  be  the  only  substance  presenting 
any  difficulty  in  piercing  through  the  mountain. 

Up  to  October  1st,  1 869,  the  following  rocks  had  been  met  with 
in  the  construction  of  the  tunnel. 

1.  The  schists,  and  carboniferous  sandstones,  containing  veins 
of  anthracite.  Thickness,  1967  metres,  or  6453  feet  6  inches.' 

2.  Quartzites;  with  a  thickness  of  381*75  metres^  or  1252  feet 
6  inches. 

3.  Beds  of  gypsum,  anhydrite  and  dolomite ;  2355  metres^  or 

7726  feet  6  inches. 

4.  The  calcareous  schists ;  1448*75  metres  or  4753  feet  on  the 
French  side,  and  5986  metres,  or  19,640  feet  on  the  Bar- 
donn^che,  or  Italian  side.  The  portion  which  remains  to 
be  tunnelled  belongs,  no  doubt,  to  this  same  formation. 

Thus  we  find  the  predictions  of  science  have  been  fulfilled  in 
as  complete  a  degree  as  anyone  could  desire.  At  Modane,  the 
mineralogical  collection  visited  by  M.  Cazin,  contained  specimens 
of  anthracite  and  pyrite,  found  in  the  first  bed.     Qaartz,  pyrite^  and 
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talc^  from  the  second.     Gypsum  and  anhydrite  in  fibrous  masses^ 
from  the  third  bed ;   and  rock-salt  from  the  fourth. 

Another  question  answered  by  M.  Cazin  has  reference  to  the 
probable  length  of  time  in  which  the  tunnel  will  be  finished.  Taking 
into  consideration  the  activity  with  which  the  work  is  being  carried 
on ;  considering,  also,  the  nature  of  the  rock  which  remains  to  be 
pierced,  and  considering  the  progress  which  has  already  been  made 
on  either  side,  M.  Gazin  says  there  is  every  reason  to  believe 
that  the  difficult  task  of  tunnelling  beneath  the  Alps  will  be  com- 
pletely finished  in  two  years.  It  is  true  that  there  is  still  much  to 
be  done  in  connecting  the  two  extremities  of  the  tunnel  with  their 
respective  approaches,  and  in  bringing  them  to  a  level.  This  will 
necessitate  the^'cutting  away  of  the  rock  at  either  end,  so  as  to  bring 
the  line  up  to  the  mouth,  in  the  form  of  a  curve.  But  these  works 
enter  into  the  ordinary  class  of  railway  operations,  and  are  so  far 
independent  of  the  great  tunnel,  that  when  the  time  arrives,  it  wiU 
be  easy  to  push  them  on  with  as  much  rapidity  as  may  be  required. 

It  is  considered  by  some  persons  that  when  the  tunnel  is  com- 
pleted, there  will  be  a  violent  current  of  air  sweeping  through  it, 
of  sufficient  strength  to  cause  inconvenience  to  the  passengers. 
There  is,  as  we  have  already  stated,  a  considerable  gradient  in  the 
interior  of  the  tunnel,  and  on  the  French  side  the  entrance  is  no 
less  than  436  feet  lower  than  that  on  the  Italian  side.  The  mean 
pressure  of  the  atmosphere  would,  therefore,  on  the  one  hand,  be 
greater  at  Modane  than  at  Bardonn^che,  and,  on  the  other,  the 
temperature  is  less  on  the  French  side  of  the  Alps.  These  causes 
might  certainly  produce  a  current  of  air  rushing  from  Modane  to 
Bardonneche,  and,  regarding  its  velocity,  it  is  difficult  at  the  pre- 
sent moment,  to  form  any  idea ;  but  there  is  no  reason  to  fear  that 
it  will  be  found  to  prove  any  serious  obstacle. 

Our  concluding  question  is,  what  will  be  the  cost  of  a  work  so 
gigantic,  and  so  unusual  in  its  character  ?  It  is,  perhaps,  scarcely 
necessary  to  say  that  it  will  exceed  in  proportion  the  cost  of  an 
ordinary  tunnel.  The  total  expense  will  be  met  by  the  sum  of  54 
nwllion  francs,  or  £2,160,000,  provided  it  is  completed  by  the  Ist 
of  January,  1872.  The  French  and  Italian  governments  have  each 
agreed  to  contribute  one  half  the  cost. 
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COAL-TAR  AND  ITS  PRODUCTS. 

BY   EDMUND  J.    MILLS,    D.SC,   F.C.S. 

The  history  of  coal-tar  and  its  products  is  not  only  interesting  as 
a  chemical  romance,  but  as  furnishing  a  striking  example  of  the 
practical  utility  of  pure  or  abstract  research.  Within  the  memory 
of  many  of  us,  tar  was  a  repulsive  nuisance — 

'A^^eJov  Kcu  irapaopov  Bifia^^-^ 

which  had  sometimes   to  be  stealthily  removed  at  night,  under 
apprehension  of  legal  proceedings.     It  is  now,  if  not  the  king, 
certainly   the   viceroy   of    manufactures  ;     it  has   suppressed  and 
created  whole  branches  of  industry,  and  seems  still  to  be  unex- 
hausted as  a  source  of  products,  the   extrication   of  any  one   of 
which   may  affect  the  prosperity  of  large  sections  of  labour.     I 
purpose,  therefore,  to  give  a  brief  account  of  this  remarkable  body, 
and  of  the  nature  of  such  of  those  substances  as  have  been  derived 
firom  it  and  are  actually  the  subjects  of  art  utilization.     It  will  be 
necessary  to  commence  with  some  considerations  as  to  the  nature 
of  coal  itself.     Coal,  as  is  weU  known,  consists  principally  of  carbon, 
an  element  of  which  the  diamond,  graphite,  and  lamp-black  are 
also    almost    wholly    composed.    Nor   can   there    be    any    doubt 
whatever,  that  this  carbon  has  been  eliminated  by  some  slow  pro- 
cess, &om  vegetable  structures.     The  chemical  changes  involved  in 
this  transformation  are  not  quite  so  clear  as  might  be  desired ;  but 
there  seems  good  reason  to  suppose  that  they  chiefly  partake  of  the 
nature  of  what  is  known  in  pure  chemistry  as  '^  condensation.^'    The 
meaning  of  this   will  be   evident  if  we   take   as   an   illustration 
cellulose,  a  substance  which  abounds  in  all  plants,  especially  those  of 
rapid  growth,  and  must  have  been  itself  principally  concerned  in  the 
genesis  of  coal.     Let  it  be  assumed  that  cellulose   (Co  H,o   O,} 
resembles  most  other  complex  organic  bodies  possessing  alcholic 
functions,  and  the  following  results  must  ensue  on  the  protracted 
application  of  a  gentle  heat,  especially  if  aided  by  pressure.     The 
cellulose  will  unite  with  itself y  and  at  the  same  time  part  with  the 
elements  of  water,  2[C«  Hio  O5],  becoming  Cu  Hm  Og  and  losing 
H,  O;  the  same  will  happen  to  the  body  Cu  His  O9,  which  will 
become   C24   H,^  O17;    this,  in  its  turn,  will  be  transformed   into 
C48  H«  Ossj  and  so  on.     Now  let  us  compare  the  percentage  compo- 


70  COAL-TAB  AND  ITS  PRODUCTS. 

sition  of  cellulose,  with  which  we  started,  and  that  of  the  derivative 
Gtf  H«  Oss*     The  numbers  are  as  follows — 


Cg  H„  0» 

^4»  "^M  0«» 

Carbon 

44-4 

49-2 

Hydrogen 

6-2 

5-7 

Oxygen 

49-4 

451 

100-0  100-0 


at  this,  the  third  stage  of  the  process  the  gain  in  carbon  is  4*8  per 
cent,  while  the  loss  of  hydrogen  is  O'o,  and  of  oxygen  4*3  per  cent. 
It  is  evident,  then,  that  by  continuing  an  action  of  this  kind  we 
should  eventually  obtain  a  product,  consisting  of  carbon  and  a  very 
small  quantity  of  hydrogen ;  it  would  undoubtedly  be  black ;  and 
altogether  very  similar  to  coal.  .  The  formation,  then,  of  coal  can  be 
accounted  for  without  deserting  well-known  results  of  theoretical 
research. 

Coal  contains,  in  addition  to  carbon  and  hydrogen,  small  amounts 
of  sulphur,  phosphorus,  nitrogen,  oxygen,  iron,  and  other  mineral 
matters,  and  most  of  these  have  a  direct  influence  on  the  nature  of 
the  tar. 

If  pure  carbon  were  heated  alone,  either  in  a  vacuum  or  in 
presence  of  some  gas  which  is  without  action  upon  it,  nothing  more 
would  happen  than  a  change  of  density  one  way  or  the  other. 
When,  however,  coal  is  heated  under  the  same  circumstances  (or  in 
a  close  vessel,  kept  as  fall  as  possible,  such  as  a  gas  retort)  it  loses 
weight,  giving  off  a  mixture  of  gas  and  vapour,  and  leaving  a  residue 
which  is  known  as  coke.  The  mixture  of  gas  and  vapour,  if 
passed  through  a  series  of  cold  vessels,  as  is  the  invariable  practice, 
deposits  tar,  the  quantity  of  which  is  smaller  as  the  heat  applied  to 
the  retort  was  greater;  while  the  gas  passes  on  and  is  used  for  illu- 
minating purposes.  It  deserves  to  be  mentioned,  however,  that  in  the 
manufacture  of  coke,  the  whole  of  the  volatile  products  are  generally 
permitted  to  escape ;  an  instance  of  negligence  and  bad  economy 
which  deserves  the  severest  reprehension.*  Coke  retains  the  whole 
of  the  purely  mineral  constituents  of  coal,  and  very  minute  portions 
of  the  more  volatile  bodies  above  named ;  of  these,  however,  the 
sulphur  not  unfrequently  rises  to  0*5  per  cent — enough  to  cause  the 

*  Six  yean  ago,  Br.  Hofmann  stated  that  some  promising  experiments  had  been 
carried  out  at  Alais  (Jury  i-eporf,  International  Bxhibition,  1862,  p.  67).  bat  the  coke 
manufacturers  do  not  seem  to  hare  yet  made  any  alteration  in  their  plan. 
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use  of  coke  as  a  fael  to  be  very  prejadicial  to  health,  unless  there  is 
a  strong  draught  to  carry  ofif  the  products  of  combustion. 

Tar^  as  has  been  indicated,  is  the  result  of  a  process  of  destructive 
distillation  carried  out  in  iron  or  clay  retorts,  which  are  kept  as 
fully  charged  as  possible^  and  preserved  from  the  entrance  of 
atmospheric  air  by  some  simple  contrivance.  In  the  manufacture  of 
gas,  it  is  an  object  to  avoid  the  formation  of  tar  as  much  as  is 
practicable ;  accordingly,  a  dry  coal  ought  to  be  selected,  and  heat 
should  be  applied  to  the  retort  as  rapidly  and  as  strongly  as  is 
allowable.  But  as  the  mass  in  the  retort  does  not  readily  conduct 
heat,  it  follows  that  much  of  it  is  necessarily  subjected  to  only  a 
slowly  increasing  temperature, — ^a  condition  which  involves  the 
formation  of  tar.  Gas,  then,  and  tar  in  a  state  of  vapour,  leave  the 
exit-tube  of  the  retort  together ;  the  latter  is  separated  in  a  cooling 
tank,  and^  when  it  has  acquired  sufficient  volume^  is  offered 
for  sale. 

What  is  it  that  really  happens  in  this  distillation  ? 

The  careful  investigation  of  a  large  number  of  the  constituents 
of  tar,  which  has  been  made  by  many  different  chemists,  furnishes 
a  clear  and  very  beautiful  answer  to  this  question.  Just  as  the  con-* 
version  of  cellulose  into  carbon,  in  which,  as  has  been  pointed  out, 
lies  the  whole  secret  of  coal-formation,  is  a  process  of  '^  con- 
densation,''  that  is,  of  producing  a  complex  from  a  simple  body, 
according  to  a  known  law ;  so  the  conversion  of  coal  into  gas  and 
tar  is  a  process  whereby  a  complex  material  is  split  into  a  number 
of  much  simpler  components.  Of  this  we  may  feel  certain,  even 
though  the  mode  of  decomposition  and  simplifying  cannot  be  so 
exactly  formulated  as  in  the  previous  case.  It  is  interesting,  also, 
to  notice  that  the  various  chemical  products  obtained  exhibit  every 
grade  of  complexity, — from  hydrogen  (H,),  for  example,  to  com- 
pounds of  even  higher  order  than  the  crystalline  anthracene  (O^^  Hw). 

The  general  nature  of  the  distillate  can  now  be  deduced  from 
that  of  the  coal  itself.  While  some  of  the  oxygen  and  hydrogen  of 
the  coal  must  unite  to  form  water,  there  must  also  be  formed  bodies 
of  increasing  complexity  that  are  analogous  to  water.  Examples  of 
these  are  to  be  found  in  the  alcoholic  class,  of  which  phenol  ^  car- 
bolic acid''),  cresol,  and  phlorol  are  members.  Again,  the  nitrogen 
and  hydrogen  of  the  raw  material  combine,  on  heating,  to  form 
ammonia;  but  ammonias  of  much  importance  are  also  found,  exhi- 
biting various  grades  of  intricacy,  but  all  preserving  the  common 
function  of  neutralizing  hydric  chloride  (hydrochloric  acid),  just  as 
ammonia  does.   Aniline  and  pyridine  are  instances  of  these.    Lastly, 
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carbon  and  hydrogen^  besides  giving  rise  to  their  lowest  possible 
compound  (marsh-gas^  OHJ,  under  these  circumstances^  originate 
at  least  two  converging  series  of  hydro-carbons,  all  of  which  closely 
resemble  it.  Phenylic  hydride  (benzol)  and  capryolic  hydride  are 
illustrations  of  the  two  groups  respectively. 

Among  the  special  constituents  of  tar,  a  few  substances  deserve 
to  be  noticed  as  possessing  an  incidental  interest.  These  are^ 
hydric  cyanide  (prussic  acid),  hydric  sulphide,  or  sulphuretted 
hydrogen  (found  in  combination  with  ammonia),  and  hydric  acetate 
(acetic  acid).  As  the  quantity  of  oxygen  in  coal  is  generally  very 
small,  we  cannot  expect  to  meet  with  a  great  variety  of  its  com- 
pounds in  the  products  of  distillation ;  accordingly,  when  we  have 
added  to  the  alcoholic  bodies  previously  alluded  to,  the  sulphuric 
oxide  known  as  sulphurous  acid,  and  carbonic  dioxide  (^^  acid^')  and 
hydric  acetate,  the  list  is  probably  complete. 

When  the  tank  in  which  the  tar  has  collected  is  examined,  it  is 
found  that  a  rough  sort  of  separation  of  the  ingredients  has  already 
taken  place,  the  liquid  having  divided  itself  into  two  masses,  or 
layers,  one  of  which  is  watery  and  the  other  oily.  It  will  be  con- 
venient  to  discuss  these,  in  the  first  place,  apart. 

CONSTITUENTS   OF   THE  AQUEOUS    LAYER. 

The  most  important  constituents  of  the  aqueous  layer  are  the 
ammonia  and  ammoniacal  salts  which  it  holds  in  solution.  The 
chief  of  these  are  the  carbonate,  sulphide,  and  sulphocyanide.  In 
order  to  utilize  the  ammonia,  the  watery  liquid  is,  in  one  process, 
pumped  into  large  shallow  vessels,  and  there  mixed  with  excess  of 
hydric  chloride.  In  this  manner,  all  the  ammoniacal  salts  are  de- 
composed, and  sal  ammoniac,  impregnated  with  a  dark  colouring 
matter,  settles  to  the  bottom,  insoluble  in  the  acid  fluid.  Mean- 
while, much  heat  is  evolved,  and  sulphuretted  hydrogen  is  given 
off  in  not  unfrequently  dangerous  quantities,  intoxicating  and  stu- 
pefying the  workmen.  When  the  sal  ammoniac  has  thoroughly 
cooled  and  settled,  it  is  taken  out  and  dried,  or  else  evaporated  to 
dryness,  directly  in  contact  with  the  whole  fluid.  In  either  case 
the  crude  dry  salt  has  to  be  sublimed  several  times,  in  pots  specially 
designed  for  the  purpose,  before  it  has  entirely  lost  its  colour,  and 
is  fit  for  the  market. 

It  is  not,  however,  always  the  case  that  sal  ammoniac  is  desired. 
In  the  alum  manufacture,  for  example,  ammonia  alone  is  requisite, 
and  is  applied  in  the  following  way.  When  the  mixture  of  aluminous 
earth  and  oil  of  vitriol   (the  starting-point  in  the  preparation   of 
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alnm)  has  been  heated  to  about  110^  G.^  the  vap oars  from  crude 
boiling  gas-liquor  are  passed  into  it.  But  as  mere  ebullition  does 
not  extract  the  whole  of  the  ammonia  from  the  liquor^  lime  is 
thrown  in  at  a  certain  stage  of  the  process^  so  as  to  combine  with 
the  acid  factors  of  the  ammoniacal  salts^  and  thus  liberate  the  whole 
of  the  ammonia.  Ammonia^  oil  of  vitriol^  alumina,  and  water,  form, 
when  combined  in  certain  proportions,  the  alam  of  commerce.  Weak 
ammoniacal  liquids  are  exhausted  of  ammonia  by  heating  them  to 
a  high  temperature  in  a  closed  vessel,  and  suddenly  discharging  the 
compressed  vapour  into  water,  or  weak  oil  of  vitriol. 

The  utilization  of  ammonia  in  the  manner  here  described  has 
thrown  into  the  market  an  equivalent  quantity  of  potassic  salt  that 
was  formerly  employed  for  the  same  purpose.  It  seems  probable 
that,  up  to  the  year  1851,  the  whole  of  the  alam  manufactured  in 
Europe  was  potassic  alum.  With  the  increasing  rise  in  the  price  of 
potassic  salts  much  attention  was  directed  both  to  cheapening  the 
process  of  preparation  as  well  as  the  materials  which  were  required. 
Now  ammonia  alum  does  not  differ  from  the  potassic  species  either 
in  colour,  crystalline  form,  or  general  applicability.  The  substitution, 
therefore,  was  silently  effected ;  and,  to  this  day,  the  bulk  of  the 
public  are  ignorant  of  the  very  harmless  and  laudable  replacement. 
Probably  the  whole  of  the  alum  manufactured  iu  England  (now 
more  than  300  tons  a  week)  is  exclusively  the  product  of  the 
ammonia  process. 

Were  the  whole  of  the  ammonia  produced  annually  from  coal  in 
London  alone  to  be  collected  in  its  perfectly  pure  and  dry  condi- 
tion, the  yield  would  amount  to  approximately  three  thousand  five 
hundred  tons.  If  all  the  ammonia  now  lost  in  the  coke  manufac- 
ture were  to  be  utilized,  instead  of  being  wasted  as  at  present,  it 
could  be  sold  to  the  consumers  at  nearly  one-half  of  its  present 
price. 

In  addition  to  ammonia  and  its  salts,  the  aqueous  layer  contains 
a  small  proportion  of  the  analogues  of  ammonia  to  which  we  have 
already  referred.  These  are  known  as  '^  the  pyridine  series," 
having  been  thus  named  after  their  first  member,  pyridine,  disco- 
vered by  Anderson.  They .  do  not  appear  to  have  been  a 
subject  of  commercial  effort,  although  there  is  very  good  reason  to 
beUeve  that  they  will  be  made  available  as  sources  of  colour.  They 
are  all  highly  stable  liquids,  of  somewhat  offensive  smell.  Their 
presence  can  be  detected  in  the  ammonia  of  commerce,  to  which 
they  impart  a  trace  of  their  odour,  and  render  sufficiently  impure 
to  prevent  the  employment  of  that  product  in  researches  of  delicacy. 
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THB  OILY  LAYIB. 

It  is  this  portion  of  the  tar  that  possesses  so  great  an  interest^ 
whether  for  the  abstract  inquirer  into  chemical  laws^  the  investi- 
gator into  social  canses^  or  the  manufacturer.  No  better  instance, 
perhaps,  could  be  adduced  of  a  product  which  has  united  by  one 
common  bond  the  thoughtful  seeker  after  purely  intellectual 
delights^  the  pecuniary  speculator^  and  the  numberless  grades  of 
yarying  merit  that  fill  the  interval  between  them.  Here  and 
there^  as  we  shall  see,  some  guess,  or  happy  conception,  or 
inference  has,  in  a  short  time,  affected  the  countless  interests  of 
thousands  of  men.  The  historical  reader  will  remember  how,  on 
a  sudden  inspiration,  the  field  of  Salamanca  rewarded  an  illus- 
trious general ;  yet  I  dare  not  consider  the  consequences  of  that 
brilliant  eugagement  as  important  as  single  discoveries  made  in 
connection  with  the  black,  offensive  liquid  which  we  have  now  to 
consider. 

After  the  separation  of  the  water  (which  is  promoted  by 
maintaining  a  moderate  heat  in  the  tank),  the  oily  layer  is 
pumped  into  stills  of  varying  size,  but  capable,  on  the  average, 
of  containing  about  a  ton  each.  Heat  is  cautiously  applied,  and 
the  distillate  condensed  by  passage  through  a  worm  immersed  in 
cold  water.  As  the  operation  proceeds,  a  gradual  change  takes 
place  in  the  nature  of  the  product.  At  first  an  oil  is  obtained 
which  is  lighter  than  water  {naphtha,  light  oil,  spirit,  etc.,  etc.) ; 
next,  an  oil  which  is  heavier  than  water  {dead  oU) ;  and,  lastly, 
solid  products,  such  as  naphthaline,  paraffin,  anthracene,  and 
chrysene — at  which  stage  the  worm  must  be  removed.  If  the 
distillation  has  not  been  pushed  to  its  ultimate  stage,  the  residue 
in  the  retort  is  pitch;  but  if  this  condition  has  been  exceeded, 
only  carbon  remains  in  the  retort. 

Oxygenous  constituents.  The  only  valuable  oxygenous  consti- 
tuent of  the  oil  is  phenylic  hydrate,  or,  as  it  is  often  termed, 
'^phenol,"  or  ''carbolic  acid.*'  It  is  present  in  considerable 
quantity  in  the  heavy  or  dead  oil,  boiling  between  150° — 250°  C. 
Instead  of  obtaining  it  by  the  comparatively  slow  method  of 
rectification,  recourse  is  had  to  a  process  depending  on  what  we 
have  termed  the  alcoholic  function  of  this  body. 

Phenol,  although  but  sparingly  soluble  in  water,  is  readily 
dissolved  by  an  aqueous  solution  of  sodic  hydrate  (caustic  soda), 
forming  a  chemical  compound  therewith.  The  appropriate  fraction 
of  the  dead  oil  is  therefore  agitated  with  aqueous  sodic  hydrate  in 
excess,  whereby  a  watery  layer  is  obtained,  which  holds  all  the 
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phenol^  while  a  layer  of  neutral  oil  separates  it.  The  sodic  phenol 
solution  can  therefore  be  easily  drawn  off^  when  it  is  treated  with 
some  acid  body  (hydric-chloride^  or  sulphate)  in  order  to  remote 
the  sodium^  and  set  phenol  free.  The  oily  phenol  is  in  its  tarn 
mechanically  removed  from  the  aqueous  solution  of  sodic  chloride  or 
sulphate^  and  subjected  to  repeated  distillation ;  ultimately  it  makes 
its  appearance  in  beautiful  white  crystals^  which  melt  at  about 
35^  C.     Large  blocks  of  it  have  been  several  times  exhibited. 

Phenol  has  been  applied  to  numerous  useful  purposes.  Its 
aqueous  solution  has  been  used  in  enormous  quantities  for  washing 
overcrowded  courts  and  alleys,  during  the  prevalence  of  epidemics. 
The  same  solution,  injected  into  the  blood-system  of  animals 
suffering  from  the  cattle-plague,  apparently  acted  efficiently  as  a 
remedial  agent.  Fish  die  when  immersed  in  it,  and  their  bodies  dry 
np  without  putrefying ;  and  animal  substances  of  almost  every  kind 
are  preservable  from  decomposition  by  its  means.  Hence,  it  is 
invaluable  in  the  dissecting  room  ;  and  is  much  prized  as  a  surgical 
dressing.  Albumen  is  precipitated  by  it.  The  virtues  of  tar-water^ 
formerly  so  much  extolled^  were  probably  due  to  its  containing  a 
little  of  this  substance. 

Pure  dry  phenol  attacks  the  skin  and  mucous  membranes 
powerfully ;  and  consequently,  if  administered  internally,  is  a  strong 
poison.  It  has  a  peculiar  and  very  characteristic  smell,  that  can 
hardly  be  mistaken.  It  is  utilized  on  a  commercial  scale  for  the 
production  of  colours,  the  stability  of  which  appears  to  be  sufficiently 
satisfactory.  Three  of  these  may  be  briefly  alluded  to.  Peonine 
is  a  product  of  the  joint  action  of  hydric  sulphate  and  oxalate  upon 
phenol,  under  the  influence  of  heat,  it  is  rendered  stable  by 
digestion  with  aqueous  ammonia.  If  peonine  be  boiled  with 
aniline,  a  blue  colour  {phenol  hive,  azuline)  is  formed.  When 
phenol  is  treated  with  hydric  nitrate  {nitric  add)  a  violent  reaction 
occurs,  audit  is  entirely  transformed  into'^pictie  add/^  a  yellow 
dye  of  considerable  beauty  and  great  permanence.  Like  most  of  the 
coal-tar  colours,  it  requires  no  mordant  when  applied  to  silk  or 
wool^  but  attaches  itself  at  once  to  the  fabric.  If,  therefore,  a  white 
tissue  composed  of  silk  and  cotton,  be  dipped  in  a  hot  solution  of 
picric  acid,  and  afterwards  washed,  each  of  its  constituents  will  be 
readily  distinguishable — the  cotton  by  its  unaltered  appenrance, 
the  silk  by  the  yellow  hue  it  has  acquired.  Picric  acid  is  very 
crystalline,  and  but  sparingly  soluble  in  water.  Its  metallic 
derivatives  have  of  late  acquired  greater  importance.  Potassic 
picrate^  for  example,  has  been  manufactured  for  some  time  past 
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on  a  considerable  scale.  Most  readers  of  The  Student  will  remem- 
ber the  painful  catastrophe  of  the  Place  de  la  Sorbonne,  in  June 
last,  when  six  persons  were  killed,  others  injured,  and  several 
houses  were  much  damaged  by  an  explosion  of  this  salt.  The  trial 
of  the  proprietor,  M.  Fontaine,  has  but  recently  occupied  the 
Tribunal  Correctionel.  A  singular  fact  transpired  in  the  course  of 
the  evidence.  M.  Houzeau  had  noticed,  on  the  day  of  the  explosion, 
that  the  quantity  of  ozone  in  the  atmosphere  of  Paris  was  unusually 
great.  After  the  accident  had  occurred,  it  struck  him  as  not 
improbable  that  the  fatal  detonation  might  have  been  due  to  ozone. 
Experiment  justified  his  surmise.  On  placing  a  few  decigrammes 
of  potassic  picrate  in  a  flask  of  ozonized  air,  a  violent  explosion 
took  place,  and  the  flask  was  shattered  to  pieces. 


TELESCOPIC  WORK   FOR  MOONLIGHT   EVENINGS. 

BY  W.    E.   BIET,   F.E.A.S. 

One  of  the  most  striking  and  interesting  groups  of  lunar  objects,  if 
not  the  principal,  on  the  S.W.  quadrant  of  the  Moon,  is  that  formed  by 
the  three  large  ^^  rings,^'  Cyrillus,  Catharina,  and  Theophilus.  About 
five  days  after  New  Moon,  this  fine  lunar  landscape  is  seen  emerging 
from  night,  as  the  Sun  rises  on  the  lofty  peaks  constituting  the  rings^ 
16,000  feet  of  Catharina,  and  as  high  as  18,000  feet  of  Theophilus 
above  the  interiors.  Webb  says,  "  There  is  no  scene  in  the  least 
approaching  to  it  existing  on  the  Earth.'^  The  view  during  sunrise 
upon  it  will  amply  repay  the  observer,  who  devotes  an  hour  or  two 
to  its  examination  in  the  terrestrial  spring  months  of  the  northern 
hemisphere,  when  the  Moon  is  generally  high  in  the  western  heavens. 
It  is  a  suitable  group  for  telescopes  of  all  apertures,  from  two  inches 
to  twenty-four  inches.  All  the  most  salient  and  striking  features 
may  be  made  out  with  the  smallest.  The  two  ancient  craters, 
Cyrillus  and  Catharina,  their  lofty  rings,  the  very  curious  and 
remarkable  valley  connecting  them  with  its  peculiar  features,  are 
contemplated  by  the  beholder  with  great  interest;  which  is  increased 
by  directing  the  attention  to  the  more  recent  crater,  Theophilus, 
with  its  complete  ring  and  remarkably  cleft  mountain  in  the  interior. 
Not  only  is  the  recent  epoch  of  the  production  of  Theophilus  mani- 
fest from  the  completeness  of  its  ring,  but  also  from  the  very 
remarkable  corrugated  continuation  of  the  eastern  portion  of  the 
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ring  of  Cyrillus^  which  appears  as  if  paahed  aside  by  the  intrusion 
of  the  larger  mass.  Phillips^  who  has  given  a  spirited  drawing  of 
the  group  in  '^  Philosophical  Transactions/'  1868,  Plate  XVI.,  says, 
"  The  phenomena  which  appear  where  Theophilus  joins  Cyrillus  are 
extremely  curious  and  complicated,  not  in  the  least  like  as  if  one 
cone  of  volcanic  eruption  had  intruded  its  convex  sloping  surface 
within  another,  but  rather  as  if  one  great  blister  had  pushed  aside 
another,  and  then  burst,  leaving  a  sort  of  double  folding  along  the 
line  of  junction.''  With  telescopes  of  three,  four,  and  six  inches 
aperture,  the  central  mountain  of  Theophilus  is  a  fine  object;  its 
quadripartite  cleft  on  the  N.W.  side,  and  its  apparently  steep  S.E. 
slope  to  the  floor  indicate  a  convulsion  of  no  ordinary  character,  by 
which  the  mountain  has  been  torn  asunder.  Phillips  gives  three 
drawings  of  this  mountain — one  of  the  most  interesting  on  the 
Moon's  surface — and  says  that  he  '^  has  given  much  and  frequent 
attention"  to  it,  "  for  the  purpose  of  ascertaining  the  form  of  its 
much-divided  mass,  and  of  discovering  whether  it  contains  any  cup- 
formed  summits.  None  were  observed  among  the  ten  or  more 
bosses  which  go  to  make  up  the  rugged  mass,  elevated  about  5000 
feet  above  the  central  area."  The  telescope  used  by  the  Professor 
was  by  Cooke,  of  six  inches  aperture ;  larger  instruments,  which 
are  now  common,  may  be  advantageously  employed  for  scrutinizing 
this  mountain,  the  central  mountain  of  Cyrillus,  and  the  numerous 
peaks  on  the  rings  of  the  three  large  craters. 

On  the  21st  of  October,  1868,  6.20  to  7.30  G.M.T.,  I  examined, 
with  the  small  aperture  of  2*75  inches,  Phillips's  drawing,  and  par- 
ticularly noted  the  aspect  of  a  crater  which  he  has  given  on  the 
N.W.,  and  at  the  foot  of  the  exterior  slope  of  Theophilus,  of  an 
elliptical  form,  with  an  interior  shadow  on  the  8.  W.  The  illumination 
was  then  earlier  than  in  the  drawing,  the  shadow  of  the  W.  rim  of 
Theophilus  reaching  to  the  W.  base  of  the  central  mountain.  Under 
this  earlier  illumination  it  appeared  as  a  very  shallow  depression 
without  interior  shadow.  Nothing  was  seen  within  but  a  deeper  tint 
of  grey,  indicating  the  interior  not  only  to  be  very  shallaw,  but  of  a 
very  gradual  slope  from  the  west  edge.  As  this  is  a  phenomenon 
analogous  to  many  recorded  by  Schroter,  it  would  be  well  to  observe 
this  particular  crater  with  large  instruments,  especially  near  the  time 
of  sunrise  and  sunset,  as  the  shadow  is  well  marked  by  Phillips. 

From  five  to  twelve  days  after  New  Moon,  the  gradations  of 
aspect  dependent  upon  illumination  may  be  interestingly  observed, 
this  period  being  equivalent  to  the  morning  and  forenoon  of  the 
luni-solar  day — the  fine   relief  gradually  disappears,   the   peculiar 
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aspects  of  the  varions  objects  under  higher  illnmination  as  gradually 
creep  over  the  landscape^  and  some  of  the  brighter  portions  increase 
in  brilliancy  as  the  time  of  Pull  Moon  approaches.  The  group 
is  well  worthy  of  the  closest  inspection  under  every  possible  illu- 
mination. 


SAGO  PALMS. 

BT     SHIBLEY     HIBBERD. 
(Wiih  Coloured  Plate  of  Oyeaa  Suminiana,) 

It  is  now  happily  common  to  see  in  conservatories  examples  of  the 
noblest  forms  of  vegetation,  where,  but  a  few  years  since,  plants 
of  ephemeral  character,  and  comparatively  trivial  interest,  were 
considered  safficient  for  the  entertainment  of  their  possessors. 
Palms,  cycads,  tree-ferns,  yuccas,  agaves,  and  aloes,  take  the  lead 
in  the  favour  of  collectors,  and  afford  ample  gratification  for  an 
advanced  taste  in  their  distinct  and  pecuUarly  tropical  configurations; 
while  for  purposes  of  study  they  not  only  conduct  our  thoughts 
to  far-off  climes,  and  illustrate  many  a  scene  of  distant  travel  and 
adventure,  but  carry  us  back  to  distant  ages,  when  some  of  them 
at  least  dominated  in  the  vegetation  of  the  world,  and  made  their 
impress  upon  ancient  strata,  and  contributed  to  the  formation  of 
the  vast  beds  of  fossil  fuel  which  characterize  the  carboniferous 
limestone.  The  ''  Sago-Palms  "  may  not,  perhaps,  take  precedence 
amongst  these  noble  conservatory  plants  that  in  our  chilly  clime 
help  us  to  realize  the  pictures  presented  by  travellers  of  the  glories 
of  tropical  scenery. 

" Overhead  up  grew 

Insuperable  height  of  loftiest  sbade^ 
Cedar,  and  pine,  and  fir,  aod  braoching  palm — 
A  BjWan  soene ;  and  as  the  ranks  asoend, 
Shade  above  shade,  a  woodj  theatre 
Of  Btateliett  Tiew." 

But  whatever  their  relative  place  as  compared  with  the  competi- 
tors that  with  them  share  our  fostering  and  demand  our  admiration^ 
it  is  impossible  to  rank  them  otherwise  than  somewhere  near  the 
head  of  the  scale ;  for  they  combine  the  grace  of  the  fern  with  the 
majesty  of  the  palm,  and  we  have  but  to  see  a  fine  example  of  the 
well-known  Oycas  revoluta,  to  receive  an  impression  that  can  never 
perish,  while  the  mind  retains  its  hold  on  forms  of  created  beauty. 
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By  "  Sago  Palms  "  ia  to  be  nDderstood  the  great  gronp  of  gymno- 
spermoos  plants  of  whicli  the  cycad-i  and  their  allies  are  represen- 
k  groap  possessing  ponerfal  morphological  relations,  and 


txcxtm  noim  urs  Ftn  ov  orois  xiroLim. 

<tf   course   a  correspondence,   within  certain   limits,  in  all  their 
biological  characteristics. 

That   the  <7Cada   should    be   esteemed  by  plant-collectors  is 
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readily  accounted  for  by  their  beauty.  But  probably  lew  amateurs 
who  cultivate  these  noble  subjects  are  fully  aware  of  the  wealth 
they  possess.  True,  the  money-value  of  the  plants  may  be  easily 
determined,  but  what  of  their  scientific  value  ?  Their  very  place 
in  botanical  classification  is  not  easy  to  determine,  the  method  of 
their  multiplication  is  but  faintly  understood,  their  connection  with 
past  conditions  of  soil  and  climate  only  dimly  shadowed  out  by  the 
results  of  geological  inquiry,  and  as  they  are  rarely  cultivated  with 
the  skill  they  demand  for  their  full  development,  those  who  possess 
good  collections  miss  many  a  lesson  the  plants  might  afford  them 
were  they  tended  with  all  the  care  they  deserve. 

One  great  recommendation  of  the  cycads  is  their  adaptabiliiy 
to  the  conditions  under  which  plants  are  ordinarily  grown  in  our 
conservatories.  A  considerable  proportion  of  all  the  known  species 
need  for  their  preservation  only  abundance  of  light  and  protection 
from  frost  j  hence  they  associate  admirably  with  the  sub-tropical 
palms,  yuccas,  and  tree-ferns,  which,  speaking  generally,  only  need 
a  climate  a  few  degrees  warmer  than  that  of  Britain  to  be  in 
perfect  safety,  and  hence  impose  upon  the  cultivator  no  great 
difficulties  as  to  the  temperature  of  the  structure  in  which  they  are 
grown.  But  in  this  very  consideration  a  most  interesting  point  is 
involved.  Cycads,  in  common  with  most  of  the  subjects  we  have 
mentioned  in  connection  with  them,  need  generous  treatment,  and 
it  is  only  by  promoting  a  vigorous  growth,  with  the  aid  of  a  genial 
temperature  and  abundance  of  moisture,  that,  under  ordinary  circum- 
stances, they  entertain  us  with  the  almost  unique  display  of  their 
fructification.  Now  and  then  a  starved  plant,  newly  introduced, 
perhaps  without  a  scrap  of  visible  leaf  or  root,  at  the  first  start 
into  Ufe,  presents  its  owner  with  a  cone  of  flowers  or  fruit.  It 
would  have  attained  to  the  same  condition,  at  the  same  time,  if  left 
undisturbed  in  its  native  wilds.  Like  a  hyacinth  or  tulip  bulb, 
it  only  throws  up,  on  the  first  impulse  of  stimulus,  after  a  season  of 
dormancy,  the  reproductive  organs  that  were  already  formed 
in  embryo,  but  concealed  from  view.  When  they  have  been  for 
some  years  in  our  care,  the  case  is  altered ;  Uien  it  rests  with  the 
cultivator  whether  the  plant  shall  become  fruitful  or  not,  and  liberal 
treatment  alone  will  produce  a  condition  so  much  to  be  desired. 
This  is  a  consideration  of  the  utmost  importance  to  the  cultivators 
of  these  noble  plants. 

The  CyeaddcecR  occupy  a  distinctly  intermediate  place  in  the 
vegetable  kingdom.  The  trunk  is  cylindrical,  without  branches, 
forming  only  a  terminal  bud  which  never  divides ;  hence  the  growth 


8AQ0   PALMS.  81 

is  ever  a  continuation  of  the  original  axis.  Herein  they  resemble 
palms.  The  leaves  are  pinnated^  and  proceed  from  the  central  bud 
by  a  process  of  unrolling.  The  fruit,  also,  is  borne  upon  leaves,  as 
will  be  seen  presently.  In  these  particulars  they  approximate  to 
ferns.  But  the  fruits  are  suflSciently  distinct  from  those  produced 
by  any  acrogenous  plant ;  they  are  large,  naked  nuts,  in  some  cases 
larger  than  walnuts,  produced  in  clusters  amongst  a  kind  of  depau- 
perated leaves.  The  male  organs  of  fructification,  too,  occur  in 
cone-like  masses.  By  these  characteristics  they  appear  to  claim 
aDiance  with  the  GoniferaD.  As  for  their  stems,  they  consist  in 
part  of  wood,  arranged  in  concentric  circles ;  but  in  the  centre  this 
arrangement  ceases,  and  the  wood  is  confusedly  mixed  up  with  the 
central  pith.  Thus  we  cannot  properly  class  them  with  either  exogens 
or  endogens.  Their  position  is  anomalous  if  determined  by  structure, 
as,  indeed,  it  must  also  be  if  determined  by  morphology.  They 
obtain  their  collective  designations  of  "  Sago- Palms  '^  from  the 
abundance  of  fsecula  in  their  stems,  sago  being  the  principal  product 
obtained  there&om. 

The  geographical  distribution  and  economic  uses  of  this  family 
of  plants  have  been  admirably  treated  of  in  a  paper  by  Mr.  J.  E. 
Jackson,  of  Kew,  in  the  ''  Intellectual  Observer,^'  vol.  v.,  p.  246. 

However  noble  in  aspect,  or  curious  in  structure,  the  interest 
attaching  to  these  plants  cnlminatesin  the  mystery  which  enshrouds 
their  fructification.  All  the  cycads,  so  far  as  their  mode  of  fruiting 
is  known,  are  dioecions — that  is  to  say,  the  male  and  female  flowers 
are  borne  on  separate  plants.  We  speak  of  their  "  flowers  '^  for 
the  sake  of  a  convenient  term ;  but  flowers,  in  truth,  they  have 
none,  though  far  removed  from  ferns,  in  the  distinct  separation 
of  the  sexes,  and  the  obviousness  of  the  reproductive  organs. 

The  male  inflorescence  is  in  the  form  of  a  cone,  which,  when 
cut  through  from  top  to  bottom,  presents  a  distinct  stem-like  axis, 
around  which  the  floral  organs  are  arranged  in  the  manner  of  scales. 
In  or  upon  these  scales  we  must  search  for  the  anthers,  and  be 
satisfied  if  we  discover  them  in  what,  speaking  by  comparison,  we 
may  describe  as  an  obscure  and  abortive  state  of  development. 
These  antheriferous  scales  exude  a  fluid  in  place  of  pollen,  and 
fecundation  is  efifected  by  the  transmission  of  this  fluid  to  the 
interior  of  the  so-called  nut,  which  maybe  more  properly  described 
as  the  female  flower.  We  have  before  us,  while  writing,  a  number 
of  the  beautiful  vermilion-coloured  nuts  of  Gycas  revoluta.  They 
are  as  large  as  walnuts,  oval  in  form,  smooth,  and  highly  poUshed. 
On  making  a  vertical  section  of  one,  we  find  at  the  apex  the  style, 
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whicb.  has  a  distinctly  stigmatic  surface  where  it  opens  upwards, 
the  orifices  which  receive  the  fecundating  fluid  being  in  direct  com- 
munication with  the  true  ovule,  which  is  situated  in  the  very  centre 
of  the  nut,  embedded  in  feculent  matter.  In  Gycas  and  Stangeria 
the  style  may  be  determined  without  di£B[culty ;  in  EHcephalartos 
and  Zamia  it  is  otherwise;  though,  without  doubt,  the  structure 
of  the  female  organs  in  these  genera  is  but  a  modification  of  that 
of  the  others.  The  interesting  question  as  to  the  fertilization  of 
Encephalartos  and  Zamia  is,  how  does  the  fecundating  fluid  reach 
the  ovules  ? 

Although  the  several  sections  of  the  Cycadaceas  differ  consider- 
ably in  conformation  and  aspect,  and^  as  hinted  above,  in  biological 
relations,  the  life  history  of  one  would,  of  necessity,  throw  consider- 
able light  on  the  histories  of  all  the  rest,  and  indicate  the  points  of 
interest  more  especially  deserving  the  attention  of  the  scientific 
observer.  The  best  known,  and  perhaps  the  most  highly  orna- 
mental of  these  plants,  are  Cycas  revoluta,  C.  eirdnalis,  G.  Ruminiana, 
Encephalartos  cycadifolia,  E.  coffer,  Dion  edule,  and  Zamia  Loddigen,^ 
The  first  two  are  frequently  met  with  in  a  floriferous  state  in  our 
plant  collections,  but  very  rarely  do  they  obtain  the  attention  they 
deserve. 

While  writing  this  we  have  in  view  a  grand  old  female  plant  of 
C.  revoluta,  which  has  fruited  many  times;  but  as  there  never 
happened  to  be  a  male  of  the  same,  or,  indeed,  of  an  allied  species 
in  flower  at  the  same  time^  its  fruits  have  always  been  infertile. 
We  will  say  nothing  of  its  beauty,  but  will  measure  the  height  of  the 
stem,  which  is  no  less  than  six  feet,  though,  owing  to  its  great  bulk, 
it  appears  to  be  considerably  less.  When  in  fullest  vigour  of  growth 
the  crown  of  the  plant  does  not  rise  more  than  an  inch  in  a  year. 
In  its  early  stages,  the  growth  is  far,  very  far  slow^  than  that.  We 
have  measured  many  plants  of  all  the  several  genera,  and  in  not  a 
few  instances  failed  to  detect  any  increase  of  height  in  the  course  of 
seven  or  even  ten  years.  We  may  roughly  guess  that  our  plant  is 
at  least  three  hundred  years  old,  which  allows  it  to  have  grown 
fi:om  first  to  last  about  a  third  of  an  inch  per  annum.  Judging  from 
observations  of  young  plants,  it  is  probable  that  the  growth  does  not 
average  more  than  a  fifth  of  an  inch  per  annum,  and  that  our  six 
feet  stem  is  scarcely  less,  perhaps  more,  than  five  hundred  years  old. 

*  On  the  subject  of  the  feoundation  of  Encephalartos  and  Zamia^  see  **  lUiistm- 
tion  Horticole  X.,  misc.*  p.  89.  For  the  most  complete  anrangemeat  of  the  genen 
and  species,  see  Miquel's  *'Nieawe  Bijdragoi  tot  deKsimis  der  Qyoadeen,**  publiahed  by 
Yaader  Post,  Amsterdam. 
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During  twenty  years  past  it  has  fraited  five  times,  so  we  may  con- 
clude that  when  mature  and  carefully  cultivated,  it  produces  frait 
every  four  years,  but  it  is  highly  probable  that  in  its  native  eastern 
jungles,  it  produces  fruit  every  year.  When  its  time  to  fruit 
has  arrived,  we  are  advertised  of  the  fact  by  the  appearance  of  an 
enormous  central  crown,  consisting  of  an  outer  ring  of  narrow 
buff-coloured  leathery  fronds,  enclosing  a  great  cone,  which  in  due 
time  rises  up,  and  pushes  back  the  outer  ring  of  narrow  fronds, 
which  now  becomes  a  kind  of  frill — ^the  counterpart,  perhaps,  of  a 
calyx,  or  involucre.  The  cone  itself  consists  of  an  immense  number 
of ''  altered  leaves,''  or  "  abortive  fronds,''  to  the  stems  of  which 
the  nuts  are  attached.  These  leaves  are  in  some  respects  like  the 
budding  horns  of  fallow  deer,  they  are  comb-like  in  structure, 
brittle,  almost  bony  in  texture,  and  are  covered  with  a  close  rough 
felt-like  down  of  a  tawny  buff  colour.  The  nuts  are  so  crowded  at 
the  base,  as  to  be  Uterally  jammed  together,  hence,  such  a  crown 
of  fruit  as  we  are  contemplating,  measuring  two  feet  across,  must 
contain  a  large  amount  of  food,  seeing  how  considerable  is  the 
proportion  of  starchy  matter  in  the  substance  of  the  nuts.  Most 
beautiful,  indeed,  is  the  contrast  of  the  warm  tawny  colour  of  the 
fronds,  and  the  brilliant  vermilion  of  the  nuts,  when  these  have 
attained  maturity.  The  process  of  fructification  in  the  female 
plant,  occupies  more  than  twelve  months.  This  fact  tends  to 
weaken  our  conjecture,  that  in  their  native  wilds  they  fruit  annually ; 
but  then  the  fruiting  process  may  be  more  quickly  accomplished 
there,  as  it  is  well  known  that  female  flowers  of  all  kinds  continue 
long  in  a  state  of  perfection,  if  not  fertilized.  When  the  fruiting 
is  over,  evidence  of  its  having  occurred  remains,  for  the  ring  of 
narrow  encircling  fronds  that  acted  as  calyx,  or  involucre,  remains 
like  a  zone  of  scales  on  the  stem ;  and  thus  for  fifty,  perhaps  for  a 
hundred  years  afterwards,  anyone  acquainted  with  the  habits  of 
these  plants  could  say  for  certain  that  it  had  fruited  ;  and  it  would 
be  a  foolish  thing  for  the  possessor  of  a  plant,  to  make  a  boast  of 
its  having  attained  to  this  interesting  condition  if  it  had  not;  for 
the  stem  carries  its  own  family  register  sufficiently  long  for  one  or 
two  generations  of  men  to  read  what  has  occurred  in  their  time. 
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THE  MIOCENE  FLORA  OP  SPITZBERGEN. 

BY  FBOFESSOB  OSWALD   HEEB.* 

During  the  summer  of  1868,  MM.  Malmgren,  Nordenskiold,  and 
NauerhofiF,  members  of  the  Swedish  expedition  to  the  North 
Pole,  collected  in  Bear's  Island  and  Spitzbergen  a  great  quantity  of 
fossil  plants,  which  have  been  sent  to  me  for  examination.  The 
plants  belong  to  two  very  different  epochs,  separated  by  an  immense 
period,  the  carboniferous  and  the  miocene,  and  the  collections 
throw  fresh  light  on  each  formation.  At  this  moment  I  confine  my 
remarks  to  the  Miocene  Flora  of  Spitzbergen. 

Under  the  name  Spitzbergen  is  comprehended  an  archipelago 
situated  between  77°  and  80^°  N.L.,  the  access  to  which  is  very 
difficult.     The   greater  part   of  the   coast  to   the  east  is    always 
covered  with  ice,  and  the  interior  of  the  country  is  occupied  with 
enormous  glaciers,  in  the  midst  of  which  rise  mountain  peaks,  400O 
feet  above  the  sea ;  but  on  the  west  coast  the  sea,  tempered  by 
the  Gulf  Stream,  remains  open  during  the  greater  part  of  the  year.. 
Numerous  fiords  run  deeply  into  the  land ;  the  glaciers  descend  to 
their  shores,  and  continually  precipitate  into  the  water  immense 
masses  of  ice.     Such  is  the  case  in  the  fiord  called  King's  Bay 
(79°  N.L.),  which  is   surrounded  by  huge  glaciers,  above  which 
gigantic  ice-peaks   tower   into    the    air.      The  fiords.  Ice    Fiord, 
and    Oellensund,   are    bounded  on  the  north  by  similar  glaciers, 
while  towards  the  south  the  snow  melts  on   their  banks  in   the 
summer,  and  the  earth  is  covered  with  a  carpet  of  alpine  vegetation. 
Along  these  fiords  are  found  rocks  of  greyish  sandstone,  resembling^ 
molasse,  and  they   contain  rather  important   deposits   of  lignite. 
Amongst  the  plants  whose  debris  they  have  preserved,  twenty-three 
species   may   be  reckoned,    which  belong  equally  to    the    lower 
miocene  formation  of  Europe,  and  which  indicate  to  what  age  we 
must  refer  this  sandstone  deposit. 

Another  and  much  more  important  fossil  deposit  is  situated  to 
the  south-west  of  Ice  Fiord,  78°  N.L.  There  uprises  a  promontory 
called  Cape  Starastchin  by  M.  Nordenskiold,  in  memory  of  a  remark- 
able man,  a  Russian  reindeer  hunter,  who  lived  for  fifteen  years  with- 
out interruption  in  Spitzbergen.  According  to  the  calculation  of 
Mr.  Grove,  the  English  consul  at  Hammerfest,  he  must  altogether 
have  passed  thirty-nine  winters  in  these  inhospitable  regions.     Thus 

•  Gommanioated  to  the  Swiss  Academy  of  Natural  Sde&oet,  and  pnbliahed  in  tha 
"  ArohiroB  dee  Scienoee,"  December,  1869. 
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ne  seems  to  have  given  a  formal  contradiction  to  Dr.  Mohr,  who 
pretended  that  no  one  coald  winter  in  Spitzbergen^  and  that  all  the 
attempts  to  do  so  had  terminated  fatally.  The  Norway  whale  fishers, 
who  visited  the  Arctic  Crusoe,  spoke  of  him  as  a  little  old  man, 
with  white  hair,  and  a  lively  disposition,  who  passed  his  time 
pleasantly  daring  his  solitary  life  in  the  midst  of  the  glaciers,  and 
who  probably  slept  like  a  marmot  for  a  good  part  of  the  long 
winter  night,  lasting  in  these  latitudes  about  four  months.  In 
summer.  Cape  Starastchin,  and  the  borders  of  the  neighbouring  gulf 
are  covered  with  verdure,  on  which  numerous  flocks  of  reindeer 
come  to  browse.  In  this  locality  the  miocene  sandstones,  of  which 
I  have  spoken,  are  covered  by  black  schists,  above  which  are  found 
the  lignites.  The  plants  contained  in  the  sandstones,  properly  so 
called,  are  badly  preserved,  as  its  grain  is  too  coarse,  and  it  does 
not  cleave  conveniently.  On  the  other  hand,  the  most  delicate 
plants  are  perfectly  preserved  in  the  black  schists,  which  splits 
readily  into  thin  layers,  although  they  do  not  show  well  on  the 
dark  surface.  On  account  of  the  friability  of  this  stone,  large 
pieces  cannot  be  obtained ;  no  doubt  it  was  originally  a  very  fine 
clay,  impregaated  with  carbonaceous  matter,  and  it  passes  insensibly 
into  lignites. 

M.  Nordenskiold  and  his  companions  brought  from  Cape  Sta- 
rastchin about  1000  specimens  of  fossil  plants,  among  which  I 
recognized  116  species.  The  deposit  to  the  north  of  King's  Bay 
(70°  Lat.)  is  by  far  the  poorest  in  species,  yielding  only  sixteen. 
A  species  of  equisetum  is  particularly  abundant  {Equis,  arcticum), 
strongly  resembling  our  Equis.  limosum.  This  fact  indicates  the 
former  existence  of  a  reedy  marsh  such  as  we  often  see. 

The  total  number  of  species  in  the  different  miocene  deposits  of 
Spitzbergen  amounted  to  131,  of  which  123  are  phanerogams,  and 
eight  cryptogams ;  the  latter  belonging  to  different  kinds  of  fungi, 
mosses,  algas,  ferns,  and  equisetacesB.  Among  the  phanerogams  are 
twenty  species  of  conifera,  and  thirty-one  monocotyledons.  This 
number  of  conifers  is  remarkably  high  ;  in  fact,  Germany  and 
Switzerland  together  have  only  fifteen,  and  the  total  number 
found  in  Central  Europe  is  far  from  equalling  the  Spitzbergen 
miocene  species.  Among  these  species  are  five  cypresses,  five 
yews  {Taxin^es),  one  Ephidrine,  and  seventeen  firs  {Abietince)' 
Among  the  cypresses  we  must  cite  prominently  two  species,  Taxo- 
dium  disiichum,  the  deciduous  cedar,  and  Idbocedrus  Sabinicmay  Heer, 
each  of  which  is  represented  by  a  multitude  of  examples. 

The  elegant  branches  of  the  Taxodium  are,  in  particular,  very 
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abandaut  and  perfectly  preserved^  still  bearing  male  and  female 
cones.  Those  cones  which  had  arrived  at  a  mature  condition  had^ 
it  is  tnie^  not  been  able  to  maintain  their  shape ;  bat  their  scales 
and  seeds  have  been  perfectly  preserved^  so  that  it  has  been  possible 
to  establish^  by  a  minute  comparison^  that  the  mioceue  Taxodinm 
of  Spitzbergen  is  identical  in  all  its  organs  with  Taxodiurrk 
disticliam,  which  is  new  only  found  in  America^  and  especially 
in  Georgia  and  South  Carolina^  where  it  grows  abundantly  in  the 
swamps.  The  Libocedrus  Sabiniana  is  a  lost  species  of  great 
elegance.  It  is  nearly  allied  to  a  species  of  the  same  genus  found 
on  the  mountains  of  Chili;  its  branches  are  always  opposite,  and 
its  seeds  bordered  with  oblique  wings.  This  species^  as  well  as 
another,  which  is  now  rare,  Libocedrus  gracilis,  Heer,  comes  from 
Eisfiord.  A  third,  belonging  to  an  allied  species,  Thuites  EKrenwardii, 
was  met  with  at  King^s  Bay,  just  reaching  70°  N.  lat. 

The  Firs  {Ahistince)  exhibit  a  very  great  variety  of  form.  The 
species  belong  either  to  the  genus  Pinvsy  the  only  one  now  existing 
in  Europe,  or  to  that  of  Sequoia.  The  8.  Langsdorfii,  widely  spread  at 
the  miocene  epoch,  and  particularly  abundant  in  North  Greenland^ 
is  wanting  in  Spitzbergen,  and  is  replaced  by  a  new  species,  the 
8-  NordensMoldi,  Heer,  distinguished  from  it  by  its  branches,  cones, 
and  seeds.  This  tree  was  very  abundant  at  Spitzbergen,  as  well  as 
the  Taxodium  distichumj  and  we  can  now  represent  it  exactly, 
thanks  to  the  perfect  preservation  of  its  fossil  remains.  The  pines 
are  singularly  numerous ;  except  the  cedars,  and  the  larches,  we 
find  all  the  principal  types  of  this  fine  genus.  Two  species 
belong  to  the  firs  with  trigeminal  leaves ;  one  among  them  is  iden- 
tical with  P.  montana,  Mill.,  the  other  only  exists  in  the  fossil 
state.  Amongst  the  species  with  trigeminal  leaves,  we  have  recog- 
nized the  Pinna  cyeloptera :  P.  stenoptera,  and  P.  Tiiacrosperma, 
have  their  leaves  grouped  five  by  five.  The  group  of  firs 
{Abies)  is  represented  by  three  species,  and  amongst  them  must  be 
noticed  our  red  pine  (P.  abies,  L.),  of  which  we  have  found  the  seeds, 
the  needles,  and  one  of  the  scales  of  a  cone.  The  two  other  species 
are  extinct,  one  had  small  cones  and  fine  seeds  like  P.  alba,  and 
the  other,  P.  Loveni,  Heer,  has  voluminous  cones  and  stout  seeds. 
Let  us  also  mention  P.  Dicksoniana  and  P.  Malmgreni,  of  which  we 
possess  the  small  seeds,  and  elegant  little  leaves,  and  likewise  speak 
of  two  species  of  white  fir,  represented  by  seeds  and  needles. 

By  the  side  of  these  Conifers  of  well-known  forms,  we  find  an 
altogether  special  type,  which  should  probably  be  referred  to  the 
family  of  Taxineaa.    It  recals  on  one  hand  the  Qvncho  of  Japan,  and 
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on  the  other  approaches  the  genns  Podocarpns.  I  have  been  able 
to  distiDgaish  two  species^  which  I  haye  described  under  the  names 
of  ToreUia  rigida  and  T.  bifida. 

The  different  species  of  Conifers  I  haye  ennmerated  are  repre- 
sented in  great  part  by  seeds^  needles^  or  leaves^  and  many  have 
also  shown  their  firuits  and  their  flowers^  so  that  their  determination 
may  be  regarded  as  certain. 

The  data  which  we  possess  conoeming  the  monocotyledons  are^ 
in  contrast  with  the  preceding,  mnch  less  complete,  and  some  spe- 
cies are  somewhat  donbtful.  We  haye  to  enamerate  a  species  of 
GypeniSy  with  flowers  in  panicles,  a  great  reed,  an  iris  with  large 
leaves  and  branching  stems  {Iris  latifolia,  Heer),  a  Potamogeton 
(P.  Nordenskioldiiy  Heer),  the  oval  leaves  of  which  floated  on  the 
water,  a  Naias,  a  Sparganium  with  spherical  fruit,  and  lastly,  the 
fruits  of  six  species  of  Carex  (sedge). 

Amongst  the  leafy  trees  we  must  cite,  in  the  first  place,  the 
poplars,  on  account  of  their  abundance.  The  Populus  Richardsoniy 
and  P.  arctica  are  spread  all  over  the  Arctic  Zone,  and  they  are 
at  Spitzbergen  up  to  King's  Bay.  These  two  trees  belong  exclu- 
sively to  this  zone,  while  the  P.  Zaddachi  is  also  found  in  the  mio- 
cene  beds  of  Samland,  near  Konigsberg,  and  also  at  Alaska.  The 
birches  are  represented  by  two  species  very  widely  spread  elsewhere, 
B.  priscay  and  B.  macr&phylla,  and  by  a  species  of  alder.  The  oak 
family,  Gupuliferce,  comprise  one*  species  of  beech  and  three  oaks, 
two  of  which,  Quercus  Gronlandica  and  Q.  platania,  Heer,  are  dis- 
tinguished by  their  great  leaves,  which  must  have  been  the  orna- 
ments of  the  forests  of  Spitzbergen.  We  may  also  mention  a  plane 
tree,  PI.  aceroides,  Goppert,  and  a  lime  with  large  leaves,  Tilia 
Malmgrenij  which  bears  an  analogy  to  certain  species  of  North 
America ;  a  service  tree,  Sorbus  grandifolia,  resembKng  the  S.  Aria 
of  our  mountains ;  and  a  walnut,  whose  nut  reminds  us  of  the  Ju' 
glans  alba  of  North  America.  Bushes  were  not  wanting  in  the 
vegetation  of  Spitzbergen ;  and  we  may  cite  a  species  of  hazel,  two 
species  of  Viburnum  (guelder  rose),  a  Nyssa  (Tupelo),  a  Bhamnus 
(buckthorn),  Paliurus,  Prunus  (plum),  a  Oratcegua  (hawthorn),  an 
Andromeda,  and  a  species  of  ivy. 

Among  the  dicotyledonous  herbaceous  plants  is  a  Polygonum 
(P.  OUersianumyHQesr) ,  a  SaUola,  two  Synouthers,  and  two  N&nuphars, 
of  which  we  possess  the  rhizomes,  the  leaves,  and  the  fruits. 

All  the  species  enumerated  in  the  preceding  pages  have  their 
analogues  in  existing  nature ;  but  these  last  discoveries  I  have  been 
describing  have  made  us  acquainted  with  many  plants  which  appear 
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to  belong  to  genera  hitherto  unrecognized,  and  whose  systematic 
position  is  still  uncertain.  We  have  already  mentioned  the  genus 
Torellia,  and  we  must  add  that  of  Nardenskioldia,  the  analogies  of 
which  are  still  not  yet  made  out. 

Let  us  now  take  a  general  survey  of  this  flora,  the  elements  of 
which  we  have  just  enumerated.  All  the  plants  lived  on  the  spot, 
in  the  marsh  or  on  the  solid  ground.  The  strata  which  enclose 
them  have  been  found  in  a  fresh-water  basin.  Nothing  can  lead  us 
to  suppose  that  this  mass  of  vegetable  debris  could  have  been 
floated  to  the  shores  of  a  miocene  sea.  There  was  very  probably 
at  Spitzbergen  a  lake  of  fresh  water,  with  marshy  banks.  The 
Naiads  and  Sparganiums  prospered  in  its  waters;  the  water-lilies 
(Nenuphars)  and  Potamogeton  floated  on  the  surface ;  the  reeds,  the 
sedges,  and  the  iris  occupied  the  marsh,  sheltered  by  a  forest  of 
large  trees,  pines,  poplars,  birches,  alders,  and,  above  all,  the  deci- 
duous cedar,  Taxodium  distichum  ;  for  of  all  known  trees  it  is  best 
able  to  live  in  deep  mud  [vase  profonde).  The  association  of  the 
Sequoia  NordejisMoldi,  of  Libocedrus  Sabiniana,  and  Taasodium, 
permits  us  to  suppose  that  the  two  first  also  prospered  in  a  swamp. 
Amongst  the  other  trees  enumerated,  there  are  species,  such  as  most 
of  the  pines,  planes,  oaks,  etc.,  which  like  a  dry  soil ;  and  they 
probably  grew  on  the  mountain  slopes  not  far  from  the  borders  of 
the  lake.  This  may  be  affirmed  vdth  much  certainty  of  the  pines, 
or,  among  the  remains  of  the  various  species  of  this  genus  that 
have  been  preserved,  we  find  no  branches,  no  complete  cones,  bat 
only  needles,  isolated  scales,  and  the  winged  seeds.  We  may  still 
further  conjecture  that,  at  least  at  the  epoch  when  the  black  schists 
were  deposited,  no  river  threw  its  waters  into  the  lake  or  the 
swamp;  the  objects  brought  to  its  margin  came  by  the  winds,  and 
were  very  gradually  buried  in  the  mud,  which  accumulated  regu- 
larly and  slowly.  After  this  came  a  time  favourable  to  the  forma- 
tion of  the  peat,  which  we  know  by  the  presence  of  the  lignites 
which  covered  the  black  schists,  and  which  are  due  to  the  fossiliza- 
tion  of  this  material. 

The  conclusions  which  we  may  draw  from  this  flora,  relating  to 
the  condition  of  the  soil,  are  corroborated  by  the  documents  which 
the  insects  supply,  of  which  we  find  twenty- two  species  among  the 
remains  of  the  plants — all,  with  one  exception,  belonging  to  the 
Coleoptera,  of  which  no  living  species  has  been  found  in  Spitzbergen. 
Two  of  these  beetles  were  aquatic,  and  two  others  probably  lived 
on  the  marsh-plants.  Among  the  rest  we  may  signalize  two  large 
species  of  Taupina  (mole  crickets  ?),  which  doubtless  came  from  the 
forest. 
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The  inyestigation  we  have  been  able  to  make  of  this  miocene 
flora  and  faxma  of  Spitzbergen  distinctly  proves  how  great  mast 
have  been  the  modifications  of  climate  which  have  taken  place  since 
this  epoch.  Our  task  is  not  now  to  enumerate  or  discover  the 
causes  of  these  changes;  but  we  will  mention  one  fact.  Until  last 
year,  only  ninety-three  species  belonging  to  the  existing  flora  of 
Spitzbergen  were  known,  although  for  more  than  one  hundred  years 
these  plants  have  been  collected.  The  Swedish  Expedition,  to  which 
several  botanists  were  attached,  was  only  able  to  add  a  small 
number  of  new  species  to  this  list.  These  plants  have  a  character 
especially  Alpine.  In  Switzerland  we  must  reach  a  height  of  8000 
or  9000  feet  to  meet  with  an  analogous  vegetation;  while  the 
miocene  beds  of  Spitzbergen,  scarcely  dug  into  as  yet,  have  yielded 
131  species  of  plants,  constituting  a  flora  which  corresponds  with 
that  of  the  plain  in  the  North  of  Switzerland. 

Among  the  other  interesting  conclusions  which"]  we  may  draw 
from  an  examination  of  the  miocene  flora  of  Spitzbergen,  is  one  on 
which  I  wish  to  linger,  because  it  refers  to  the  great  question  of  the 
origin  of  species.  There  is  a  general  agreement  now  that  each 
vegetable  species  proceeded  from  a  single  centre,  from  whence  it 
radiated  in  the  course  of  ages.  Now,  Spitzbergen  appears  to  have 
been  the  focus  of  dissemination  for  the  red  pine,  Finns  alms,  of 
P.  Tnontana,  and  of  Taxodium  distichum  ;  in  fact,  we  have  seen  that 
these  three  trees  existed  in  Spitzbergen  during  the  lower  miocene 
period.  The  first  two  did  not  live  in  Europe  during  the  whole  of 
the  tertiary  period ;  we  seek  in  vain  for  them  amongst  all  the  Eu- 
ropean miocene  deposits  actually  known.  They  are  not  even  found 
in  the  miocene  deposits  of  Samland,  on  the  northern  coasts  of 
Germany.  But,  on  the  other  hand,  we  find  in  these  last  deposits 
abundance  of  Pinus  laricio.  This  species,  now  spread  over  the 
south  of  Europe,  then  reached  almost  the  extreme  northern  frontier 
of  Germany ;  and,  at  the  same  time,  Pinus  aides  and  P.  montana 
prospered  in  Spitzbergen.  At  the  diluvial  epoch,  Pinus  laricio 
disappeared  from  North  Germany,  and  found  itself  driven  south- 
wards ;  whilst  P.  ahies  and  P.  montana  advanced  as  far  as  Central 
Europe.  We  find  these  last  in  all  the  ligneous  schists,  at  Utznach, 
Diimten,  Dietzikow,  Morschweil,  etc.,  and  they  are  equally  en- 
countered on  the  coast  of  Norfolk  in  the  Forest  Bed.  We  find 
them  also  in  the  paiafittes.  Still  later,  P.  montand  withdrew  to 
the  mountains,  whilst  P.  dbies  is  now  the  most  abundant  of  the 
conifers.  These  two  species  have  totally  disappeared  from  their 
primitive  country  since  the  miocene  epoch ;  but,  by  way  of  com- 
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pensation^  they  haye  foand  a  new  one  in  Europe  and  in  Asia.  The 
existing  extreme  limit  northwards  is  about  10^  south  of  King's 
Bay^  and  assuredly  this  last  locality  was  not  eren  then  their 
northern  Hmit^  for  they  occurred  in  association  with  plants  which 
indicate  a  more  southern  temperature  than  they  require. 

As  for  Taxodium  distichum,  its  northern  limit  at  the  miocene 
epoch  was  probably  at  Eisfiord ;  but  it  is  spread  over  the  whole 
arctic  zone  below  this  latitude.  I  have  received  it  from  (rreenland 
and  from  Alaska.  It  was  equally  diffiised  throughout  Europe^  and 
met  with  even  in  Asia.  At  the  quartemary  epochs  it  had  disap- 
peared^ not  only  from  the  arctic  zone^  but  also  from  Europe  and 
Asia ;  and  now  it  is  only  found  in  America^  where  it  extends  from 
Delaware  to  Mexico.  We  have  thus  an  example  of  a  type  essen- 
tially American^  of  which  the  first  traces  must  be  sought  for  in  the 
arctic  zone,  where  its  first  centre  of  difiusion  probably  existed. 

Such  facts  supply  proofs  that  each  vegetable  species  has  its  own 
history,  and  that  every  day  brings  to  light  documents  which  may 
give  us  certain  notions  of  their  development  and  dissemination. 


MOVBilBNTS  OP  CHLOROPHYLL  UNDER  INFLUENCE 

OF  LIGHT. 

BT   M.   FBILLISUX. 

The  following  interesting  paper  by  M.  Prillieux  is  translated  from 
"  Comptes  Rendus/^  January  3,  1870,  and  will,  no  doubt,  suggest 
observation  for  our  microscopic  readers  to  follow  out. 

It  is  known  that  the  green  matter,  or  chlorophyll  of  plants,  is 
composed  of  globules  contained  in  great  numbers  in  the  cells,  and 
many  years  since  a  German  observer,  M.  Bohm,  announced  that  he 
had  seen  in  the  Crassula  family  these  globules  mass  themselves 
together  in  the  midst  of  the  cells  under  the  direct  action  of  the  sun. 
This  observation  remained  in  isolation  until  a  Russian  philosopher, 
M.  Famintzin,  noticed  in  the  cellules  of  a  moss,  <^  the  genus  Mnium, 
very  decided  movements  of  the  chlorophyll  globules  influenced  by 
light.  The  discovery  of  M.  Famintzin  has  been  confirmed  and 
extended  by  his  compatriot,  M.  Boradine.  Nevertheless,  these 
curious  facts  have  been  received  in  France  with  a  certain  reser- 
vation, and  have  not  been  observed  here. 

I  am  glad  now  to  be  able  to  prove  their  reality,  as  the  number  of 
drawings  I  have  made  with  the  ea/mera  ludda  of  the  successive 
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positions  of   the   chlorophyll  globules^  can  loave  no  doubt  of  the 
fik^ts. 

The  plant  on  which  I  made  my  observations  is  the  Funaria 
hygrametrica,  a  moss  like  the  Mnium  studied  by  M.  Famintzin. 
These  plants  are  particularly  convenient  for  the  purpose  of 
watching  what  takes  places  inside  the  living  cells^  without  altering 
the  normal  condition  of  their  life.  The  leaves  are  formed  of  a 
■ingle  layer  of  cells^  and  we  can  place  an  entire  stem  of  F. 
hygrometrica  on  the  stage  of  the  microscope^  and  see  by  transparent 
iUnmination  what  changes  occur.  When  we  thus  look  at  a  plant 
which  has  been  previously  kept  in  the  dark  for  one  or  two  days^ 
the  leaf  presents  the  aspect  of  a  green  network,  between  the 
meshes  of  which  the  background  is  clear  and  transparent.  All 
the  grains  of  chlorophyll  rest  against  the  wall  of  the  lateral  cells, 
and  now  are  found  on  the  upper  or  lower  walls,  which  form  part  of 
the  surface  of  the  leaf,  and  which  I  shall  call  the  superficial  cell- 
walls.  Such  is  the  aspect  of  the  leaf  on  leaving  the  dark,  but  when 
it  is  kept  in  daylight  qn  the  stage  of  the  microscope,  lighted  up 
by  the  mirror,  we  soon  see  the  globules  glidiug  along,  and  passing 
from  the  lateral  to  the  superficial  cell-walls,  over  which  they  dis- 
tribute themselves. 

If  we  distinguish  particular  globules  and  draw  them  vrith  a 
camera  lucida,  we  see  their  positions  vary,  often  in  less  than 
a  quarter  of  an  hour,  and  to  a  notable  extent,  if  the  condition  of  the 
temperature  is  not  too  low,  and  the  plant  is  vigorous.  When  once 
the  chlorophyll  globules  arrive  at  the  superficial  cell-walls,  they 
stop  there,  not  absolutely  immovable,  but  with  very  slight  change 
of  position,  sometimes  approaching  each  other,  and  sometimes 
receding.  Their  general  appearance  remains  the  same  until  dark- 
ness comes  on,  and  then  the  globules  abandon  the  superficial  cell- 
walls  ;  and  after  a  certain  time  the  leaf — ^instead  of  exhibiting,  as 
in  daylight,  a  clear  space  variegated  with  green  dots,  distributed 
over  its  entire  csurface — again  appears  as  a  green  net- work ;  the 
chlorophyll  globules  having  resumed  their  nocturnal  condition. 

The  action  of  light  on  the  position  of  the  chlorophyll  grains  may 
be  conveniently  studied  at  night,  by  the  aid  of  a  lamp,  which  one  can 
light  and  extinguish  at  will.  I  will  mention  an  illustration  of  this 
on  the  20th  December  last,  at  5  p.m.  The  plant,  which  had  been 
kept  several  hours  in  the  dark,  exhibited  its  chlorophyll  globules, 
ranged  along  the  lateral  cell-walls.  I  then  exposed  it  to  the  light 
of  a  lamp,  transmitted  through  it  by  the  under  stage  mirror,  and  by 
6h.  30m.  many  globules  had  reached  the  upper  surfsu^e,  even  in  one 
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hour  the  amount  of  movement  was  very  appreciable,  and  two 
globules  already  occupied  the  centre  of  the  upper  cell-walls.  I  then 
put  out  the  lamp,  and  by  7h.  15m.  the  globules  which  had  been 
along  the  upper  wall,  had  mostly  regained  their  position  by  the 
side-walls.  At  llh.  30m.  p.m.,  all,  without  exception,  were  fixed  to 
the  side- walls.  I  then  relit  the  lamp,  and  in  a  few  moments,  I  saw 
the  chlorophyll  globules  change  places,  and  in  a  quarter  of  an  hour, 
many  had  glided  &om  the  side-walls  to  the  upper  wall.  I  sketched 
their  positions  at  llh.  55m.,  at  12h.,  12h.  15m.,  12h.  30m.,  and 
the  displacement  was  then  complete ;  the  globules  were  distributed 
over  the  superficial  cell-walls:  they  had  resumed  their  diurnal 
positions. 

Many  questions  of  great  physiological  interest  are  connected  with 
these  phenomena ;  now,  I  wish  only  to  place  them  on  record. 


WHENCE   COME  METEORITES? 

Fkom  a  memoir  now  in  course  of  publication  in  *'  Cosmos,'^  we  learn 
that  with  regard  to  meteorites  (stones  fallen  from  the  sky),  science 
has  lately  made  a  considerable  step. 

In  examining  a  mass  of  meteoric  iron  found  in  the  Cordillera  of 
Deesa  (ChiU),  M.  Stanislas  Meunier,  Aide-naturaliste  of  Geology  at 
the  Museum  of  Natural  History  in  Paris,  has  discovered  evidences 
of  an  unexpected  relationship  between  this  iron  and  two  meteorites 
fallen  at  a  great  distance  from  Chili,  viz.,  a  mass  of  iron  found  at 
Caille  (Alpes  Maritime?),  and  a  stone  which  fell  at  S^tif  (Algeria), 
June  9th,  1867. 

The  meteorite  of  Deesa  is  a  mixture  of  these  two  rocks :  it  is 
composed  of  iron  which  is  identical  with  that  of  Caille,  injected  in 
a  state  of  fusion  into  a  stone  identical  with  that  of  S^tif. 

The  iron  of  Deesa  is  thus  evidently  an  eruptive  rock,  and  it  is 
the  first  hitherto  observed  among  meteorites. 

Besides  this,  it  is  demonstrated  that  the  iron  of  the  type  of 
Caille,  and  the  stone  of  the  type  of  S^tif,  have  been  in  mutual  con- 
nection of  stratification  upon  an  unknown  globe,  and  it  is  the  first 
time  that  such  a  connection  has  been  demonstrated. 

M.  Stanislas  Meunier  has  made  the  pregnant  remark  that  the 
meteorites  which  arrive  in  these  days  upon  the  earth  are  not  of  the 
same  mineralogical  nature  as  those  which  fell  in  past  ages.  Formerly 
iron  fell;  now  stones  fall.     In  the  last  118  years  there  have  been 
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in  Europe  but  three  falls  of  iron,  whereas  there  have  been  annually, 
on  an  average,  three  falls  of  stones.  The  greater  number  of  iron 
meteorites  which  exist  in  our  collections — ^and  they  are  numerous — 
have  fallen  on  the  earth  at  undetermined  epochs ;  all  the  meteoric 
stones  are  of  comparatively  recent  date.  Perhaps  even  we  are 
justified  in  saying  that  stones  of  a  new  kind  are  beginning  to  arrive^ 
for  falls  of  carbonaceous  meteorites  were  unknown  before  the  year 
1803,  and  four  have  been  observed  since  then. 

From  this  assemblage  of  facts,  M.  Stanislas  Meunier  concludes 
that  meteorites  are  the  fragments  of  one  or  more  heavenly  bodies 
which,  at  a  period  relatively  recent  (for  these  waifs  are  never  found 
except  in  superficial  strata),  revolved  round  the  earth,  or  perhaps 
round  the  moon.  Having,  in  the  course  of  ages,  finished  by  losing 
their  own  heat,  and  become  penetrated  by  the  cold  of  space,  they 
have  arrived,  much  sooner  than  the  moon,  by  reason  of  their  inferior 
volume,  at  the  last  term  of  the  molecular  actions  which  are  operating 
upon  our  satellite,  and  which  are  rendered  evident  to  our  eyes  by 
the  enormous  crevices,  the  deep  fissures,  with  which  it  is  furrowed. 

Split  in  all  directions,  they  have  fallen  to  ruin,  and  their  frag- 
ments, remaining  scattered  along  the  orbit,  so  as  to  form  a  circle 
more  or  less  complete,  have  at  the  same  time  become  arranged, 
according  to  their  density,  in  zones  concentric  with  the  focus  of 
attraction,  towards  which  they  are  constantly  impelled  by  the  resist- 
ance of  the  etherial  medium  through  which  they  move.  The  masses 
nearest  to  the  centre,  and  which  were  principally  composed  of  iron, 
were  the  first  to  fall ;  afterwards  came  the  stones,  in  which  period 
we  now  are.  Hereafter,  perhaps,  will  arrive  meteorites  analogous 
to  our  crystallized  formations,  and  perhaps  even  to  our  stratified 
beds. 

Thus,  meteorites,  veritable  materials  of  demolition,  represent  for 
us  the  last  period  of  the  evolution  of  planetary  bodies.  The  in- 
candescent orb,  the  sun,  figures  at  the  present  day  in  our  system  as 
the  sole  representative  of  the  primitive  state,  through  which  have 
passed  the  earth,  and  all  the  other  bodies  which  revolve  around  it ; 
the  icy  globe,  the  moon,  represents  the  future  which  awaits  the  ter- 
restrial sphere  now  in  all  the  plenitude  of  life ;  and,  finally,  meteorites 
show  us  what  becomes  of  the  dead  stars,  how  they  are  decomposed^ 
and  how  their  materials  return  into  the  vortex  of  life. 

We  must  leave  our  readers  to  form  their  own  estimate  of  the 
hypotheses  put  forward.  We  know  as  yet  too  little  of  the  moon  to 
accept  the  theory  which  M.  Stanislas  Meunier  adopts,  without  great 
reserve. 
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GEOLOGICAL  COLOURS. 

BY  O.  A.   LEBOUB^  F.B.G.S.^ 
Of  tbe  Qeological  Bvarrej  of  England  and  Wales. 

Among  the  various  characters  which  render  many  mineralB  and 
Tocks  recognizable  at  sights  none  is  so  obvious  and  marked  as 
that  of  colour.  We  are^  however^  so  accustomed  to  note  at  a  glance 
the  colour  of  whatever  substance  is  brought  under  our  observation, 
that  we  do  so  almost  mechanically,  and  are  thus  apt  to  forget,  or 
at  least  to  undervalue,  the  important  part  played  by  that  character^ 
colour,  in  the  mental  diagnosis  which  we  carry  away  of  the  body  in 
question,  for  its  future  identification. 

Almost  every  imaginable  hue  is  to  be  seen  displayed  by  some 
member  or  other  of  the  mineral  world.  The  most  gorgeously 
painted  flowers,  the  most  brilliant  plumage  of  birds,  have  their 
counterpart,  as  far  as  mere  colour  and  lustre  are  concerned,  in 
stones  and  rocks.  Daily,  the  rapid  strides  which  chemistry  is  now 
making  are  giving  new  colours  to  commerce  and  the  arts,  but  still  it 
would  be  difficult  to  find  one  of  these  tints,  the  like  of  which  could 
not  be  pointed  out  in  some  corner  or  cranny  of  that  vast 
mineralogical  cabinet — our  stony  Earth. 

It  is  our  intention  in  this  paper  to  draw  the  reader's  attention  to 
some  of  the  more  widely  spread  and  more  striking  of  these 
manifestations  of  colour  among  minerals;  more  especially  with 
regard  to  those  which,  forming  as  they  do  large  masses  of  the 
earth's  crust,  may,  perhaps,  not  inappropriately  be  termed 
'^  Geological  minerals.'^ 

Let  us  begin  at  the  red  end  of  the  spectrum.  We  have  then 
to  deal  with  what  is  perhaps  the  most  prevalent  colour  of  rock- 
masses,  a  colour  so  varied  in  its  gradations  that  it  has  been  divided 
by  Werner  into  fourteen  distinct  shades  for  mineralogical  purposes 
only.  In  the  arts  a  much  larger  number  of  different  reds  have 
been  distinguished,  as  may  be  seen  by  looking  at  the  beautiful 
scale  of  colours  constructed  by  M.  Chevreul  for  the  Imperial 
manufactory  of  Gobelins  Tapestry  in  Paris.  Our  space  and  the 
special  object  we  have  in  view  forbid  us  entering  upon  the  subject 
in  so  elaborate  a  manner,  and  we  must  content  ourselves  with 
noticing  the  most  prominent  cases  of  red-coloured  rocks. 

Among  the  sedimentary  formations,  entire  series  of  strata  in 
Britain  and  elsewhere  have  been  named  with  reference  to  their  most 
usual  or  most  typical  colour;   and  although  this  system  of  nomen- 
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clatare  is  to  be  condemned  from  a  purely  geological  point  of  view, 
yet  it  is  admirably  suited  to  our  present  purpose.  Running  tbrougb 
any  list  of  stratified  systems,  we  soon  perceive  a  number  of  deposits 
witb  the  qualitative  Bed  prefixed  to  them ;  beginning  with  the  well- 
known  Old  Bed  Sandstone,  the  beds  of  which,  whether  coarse 
conglomerates,  or  fine  flaggy  sandstones,  are  all  more  or  less  tinged 
with  red,  varying  firom  the  brightest  hue  to  a  light-fawn  colour, 
which  might  perhaps  more  properly  be  mentioned  under  the  head 
"  yeUow.'' 

As  we  ascend  in  the  scale  of  time  the  next  marked  set  of  red 
rocks  we  come  to  is  the  New  Bed  Sandstone,  often  so  like  the  Old 
Bed  in  colour  and  other  external  features,  that  it  has  frequently,  in 
former  days,  been  mistaken  for  it,  and  has  thus  prevented,  for  a 
time,  the  opening  of  what  have  since  proved  to  be  most  valuable 
coal-mines.* 

Higher  up,  at  the  base  of  the  Trias  we  have  more  similar-looking 
reddish  sandstones,  and  above  these  again  we  have  the  Bed  Clay  of 
Cheshire  and  some  other  red  beds  occurring  in  connection  with  the 
great  deposits  of  rock  salt  which  are  themselves  often  of  a  dirty 
reddish  hue.  Of  the  same  age  as  these  we  have  the  mcumes 
irUees  or  variegated  marls  of  France,  among  the  colours  of  which 
red  also  predominates. 

In  the  Oolites  we  get  fewer  [red  rocks  although  some  are  to  be 
met  with  in  the  lower  members  of  the  division.  In  the  Lower 
Cretaceous  sands,  reddish  beds  are  frequent,  and  at  the  base  of  the 
White  Chalk,  we  have,  in  the  eastern  counties,  a  band  of  Bed 
Chalk. 

Above,  in  the  older  tertiaries  we  have  a  considerable  thickness  of 
mottled  clays,  the  prevailing  colour  of  which  is  blood  red.  These 
brightly  coloured  beds  are  conspicuous  in  Alum  Bay,  in  the  Isle  of 
Wight.  Then,  in  the  Bagshot  beds  there  are  occasionally  red 
sands,  as  also  amid  the  more  recent  mottled  clays  above.  Higher 
still  in  the  series  we  arrive  at  the  Bed  Crag,  which  consists  of 
very  variable  beds  of  gravel  and  sands.  This  brings  us  to  the 
summit  of  the  geological  scheme  of  water-formed  deposits,  but  the 
volcanic  and  trappean  rocks  have  also  plenty  of  red  to  show, 
notwithstanding  the  dark  and  gloomy  colours  which  they  generally 
afieet. 

Thus  many  basalts,  whether  augitic  or  hornblendic,  weather  into 

*  The  reMon  is  obnoos,  tlie  Neir  Red  Sanditone  lying  on  the  top  of  the  Ourboniferoos 
rooW,  and  the  Old  Bed  beneath  them ;  and  no  coal  being  worked  bekw  the  Old  Bed 
Sandetone. 
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a  red  earth.     The  "Red  Ochre ^'  of  Antrim  is,  according  to  the 
late  Prof.  Jakes,  nothing  bat  a  basaltic  ash. 

Among  the  stones  used  for  building  and  ornamental  purposes 
— which  are  of  course  available  in  large  quantities — ^we  have  well 
known  red  and  flesh-coloured  granites  and  porphyries,  and  among 
the  marbles  of  various  ages  we  have  a  great  number  of  different 
shades  of  red,  as  for  instance,  the  clouded  light-red  of  the  Mende- 
lato  marble,  or  the  splendid  blood-red  of  the  Rosso-antico. 

When  we  come  to  enquire,  whence  this  red,  which  tinges  such  a 
large  proportion  of  what  is  known  to  us  of  the  earth's  crust,  we 
have  but  one  answer  to  make — iron.  Or  rather,  the  anhydrous 
peroxide  of  iron,  that  substance  which  we  know  in  its  native  state 
as  red  haematite,  when  the  intensity  of  its  colour  is  such  that  it 
appears  more  black  than  red.  This  it  is  which  has  coloured  all  the 
sandstones,  clays,  and  limestones  which  we  have  enumerated  above ; 
the  same  matter  as  that  which  gives  their  brilliant  colour  to  the 
ruby  and  the  garnet. 

There  is  a  brighter  mineral  red,  however,  by  the  side  of  which  "  red 
ochre  '^  is  quite  dull,  this  is  that  of  cinnabar  or  sulphuret  of  mercury, 
whence  that  most  striking  of  colours,  vermilion,  is  derived.  This 
substance  is,  however,  but  sparsely  disseminated  among  rocks, 
and  contributes  but  little  to  ^'  geological  colouring,''  although  in 
some  notable  instances  the  schists  which  usually  contain  it  have  been 
known  to  be  coloured  by  it  to  a  considerable  extent. 

Passing  over  orange,  which  as  a  rock  colour  can  scarcely  be  said 
to  be  distinctive,  so  apt  is  it  to  merge  into  some  shade  of  red  on 
the  one  hand,  and  into  yellow  on  the  other,  we  come  to  yellow, 
which  is  second  only  to  red  in  its  universal  distribution.  It  would 
be  tedious  to  mention  every  formation  in  which  yellow  beds  are  to  be 
found,  as  almost  every  bed  of  sandstone  is  yellow  in  places ;  even 
those  which  we  have  named  above  as  being  characterized  by  their 
red  colour,  have  subordinate  yellow  bands  and  beds  associated  with 
them,  or  themselves  often  pass  gradually  through  every  shade  from 
one  colour  to  the  other.  In  cases  like  these  it  is  evident  that  we 
have  the  same  colouring  matter  (the  anhydrous  peroxide  of  iron) 
at  work,  and  that  the  difference  of  colour  is  merely  due  to  the 
unequal  manner  in  which  it  has  permeated  the  various  .portions  of 
the  same  rock-mass.  Thus  it  has  been  ascertained  that  10  per  cent 
of  the  red  oxide  is  necessary  to  colour  marbles  and  schists  a  de^ 
red ;  however,  a  very  much  smaller  proportion  is  sufficient  to  give 
fainter  shades. 

But  the  true  yellow  rocks  are  usually  coloured  byja  nearly  allied. 
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yet  different  substance^  namely^  the  hydrated  peroxide  of  iron  which 
in  its  solid  and  massive  form  we  term  brown  hesmatite,  a  dark  brown 
mineral^  which  when  reduced  to  powder  becomes  a  strong  yellow. 
This  is  the  real  colouring  matter  of  typical  yellow  rocks,  and  to  its 
presence  is  due  the  colour  of  cairn-gorm  and  the  topaz. 

In  Italy  and  in  many  other  volcanic  countries  native  sulphur^ 
the  colour  of  which  it  is  needless  to  describe  here,  is  sometimes 
found  in  snch  abundance  as  to  attain  the  rank  of  a  geological  colour 
for  the  nonce.  But  even  there  it  can  only  be  considered  as  one  of 
local  importance. 

Of  green  rocks  there  is  an  abundance  all  over  the  world,  and 
here  again  we  find  iron  as  a  powerful  colouring  agent,  this  time, 
however,  not  as  an  oxide,  as  in  the  case  of  red  and  yellow  rocks, 
but  as  an  hydrosilicate  of  iron.  Indeed,  among  green  rocks, 
silicates  play  the  most  prominent  part,  and  especially  the  silicates 
of  magnesia  and  alumina.  Thus  serpentine  or  ophite  and  talc  are 
both  silicates  of  magnesia,  and  are  generally  distinguished  (though 
not  invariably)  by  their  green  colour,  the  former  forming  enormous 
masses  of  rock,  both  in  the  new  and  the  old  world,  and  the  latter 
giving  its  characteristic  hue  to  most  of  the  many  rocks,  into  the 
composition  of  which  it  enters^  such  as  the  talcose  schists,  and 
the  variety  of  granite  termed  protogine,  or  talcose  granite.  Chlorite, 
which  is  a  compound  of  the  silicates  of  magnesia  and  alumina,  is 
an  almost  universal  mineral,  and  wherever  it  finds  its  way,  there  do 
we  have  its  green  colour  more  or  less  diffused.  Many  of  the  slaty 
rocks  of  the  older  formations  owe  their  colour  to  its  presence,  and 
it  is  to  be  found  in  many  of  the  crystalline  and  eruptive  rocks. 
A  chloritous  silicate  of  iron  is  the  colouring  agent  in  the  Greensand 
of  the  cretaceous  period ;  but  in  this  case,  as  in  some  others,  where 
the  hydrosilicate  of  iron  is  present,  the  colour  sometimes  changes 
into  red,  by  the  conversion  of  thd  silicate  into  peroxide  of  iron. 

In  chromochre,  or  oxide  of  chrome,  we  have  another,  but  rarer, 
green  producing  matter,  the  colouring  power  of  which  is  visible  in 
some  phorphyries.  To  this  substance  is  due  the  beautiful  green  of 
the  emerald. 

We  all  know  the  magnificent  colour  of  carbonate  of  copper  in 
the  shape  of  malachite ;  the  phosphates,  arseniates,  hydrosilicates, 
and  the  chloride  of  copper  are  also  green,  but  they  can  scarcely  be 
numbered  among  geological  pigments,  as  they  occur  for  the  most 
part  in  veins  only,  and  not  as  disseminated  minerals.  The  same 
may  be  said  of  phosphate  of  lead  and  arseniate  of  nickel  (annaber- 
gite),  which  are  both  conspicuous  for  their  green  colour. 

VOL.  I.  N.   8. — ^NO.  I.  H 
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Bluej  our  next  colour,  has  moat  brilliant  represeutatives  among 
'^non-geological''  minerals,  such  as  that  matchless  substance 
chessylite,  and  the  well-known  lapis  lazuli  from  which  ultramarine 
is  obtained,  but  as  a  rock  colour  it  is  seldom  very  marked  in 
character  and  generally  merges  into  various  shades  of  grey.  Thus 
the  Carboniferous  Limestone  of  our  country  is  often  blue,  but  it  is 
difficult  to  say  to  what  its  colour  is  due.  Many  shales  are  bluish, 
but  it  is  among  the  clays  that  blue  predominates,  though  as  we 
have  just  said,  it  is  in  most  cases  little  more  than  a  bluish  grey. 
The  London  Clay,  for  example,  has  been  termed 

"  The  blue,  the  aiiff,  the  neyer  drj !  " 

by  one  of  our  leading  geologists,  and  the  same  line  may  very  well 
apply  to  the  Boulder  Clay  of  the  north  in  many  instances.  Some 
greenstones,  again,  on  being  fractured,  are  decidedly  blue,  notwith- 
standing their  name ;  the  weathered  surfaces,  however,  are  usually 
of  a  dark  brown  or  red,  caused  by  the  oxidizing  of  the  iron  which 
they  contain. 

Violet  has  a  still  smaller  share  than  blue  in  ''rock  painting,'' 
and  is  represented  at  best  only  by  a  few  purplish  shales,  and  some 
occasional  varieties  of  marbles  and  phorphyries :  oxide  of  man- 
ganese, the  colouring  principle  of  the  amethyst,  is  its  chief  agent. 

We  have  now  ouly  those  two  irreconcilable  colours,  black  and 
white,  left  to  deal  with. 

The  first  exists  in  profusion  in  nature.  Thick  shales  there  are 
throughout  the  world,  of  a  deep  dull  black.  Most  lavas,  both  old 
and  recent  are  black.  Many  clays  are  more  or  less  black,  etc. 
Instances  of  black  deposits  might  easily  be  multiplied,  but  the 
blackest  of  black  rocks  is  undoubtedly  coal.  Black  as  ooal,  is  an 
old  saying,  and  in  this  case  the  old  saying  is  a  true  one.  The 
colour,  of  course,  is  merely  the  normal  one  of  carbon  when  it  is  not 
in  the  form  of  diamond.  Even  the  so-called  broum  coal  of  the 
newer  rocks  is  generally  black,  though  its  streak  is  brown.  Peat, 
if  we  may  venture  to  call  it  a  rock,  is  another  instance  of  black,  or 
more  properly  perhaps,  brownish  black. 

For  a  long  time  the  famous  Pedras  negras  were  cited  as  a  range 
of  great  massive  black  rocks,  but  it  has  lately  been  shown  by 
a  German  botanist  who  went  thither,  that  their  colour  is  due  only  to 
a  covering  of  minute  dark-coloured  vegetable  organisms,  beneath 
which  the  rock  is  anything  but  black. 

Of  black  and  white,  nuxed  so  as  to  form  a  kind  of  grey,  there 
are  numerous  instances  in  many  of  the  granite  rocks. 

White  is,  as  a  rook-oolour^  peihapa  more  difiused  even  than 
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black.  In  this  island  it  is  well  represented  by  the  great  cliffs  of 
milk-white  chalk  which  gave  Albion  her  name ;  here  again^  as  in 
the  case  of  coal,  we  require  no  foreign  pigment  to  give  the  rock  its 
colour,  white  being  the  true  colour  of  carbonate  of  lime  in  this 
form.  Much  chalk  though  there  be  on  land,  there  is  still  more 
being  eyen  now  manufactured  and  accumulated  at  the  bottom  of  the 
sea,  for  it  is  not  long  since  the  world  was  astonished  by  being  told 
that  the  depths  of  the  Atlantic  are  covered  with  soft  white  chalk, 
ever  increasing  in  thickness,  and  in  every  respect  exactly  similar  to 
our  chalk. 

But,  perhaps,  the  most  beautiful  examples  of  white  rock-masses 
are  those  formed  by  the  hard  crystalline  marbles,  such  as  those  of 
Carrara  and  Pares,  which  are  used  in  sculpture. 

Many  limestones,  which  in  their  normal  and  undisturbed  state 
are  yellowish,  such  as  the  calcareous  freestone  of  which  Paris  is 
built,  or  our  own  magnesian  limestone,  become  white,  or  very  nearly 
white  by  weathering.  Clays  when  nearly  pure  are  white,  as  kaolin 
or  china  clay,  and  the  finer  kinds  of  pipe-clay. 

We  have  now  cast  a  hasty  glance  over  the  principal  of  those 
colours  which  affect  the  general  aspect  of  the  land,  leaving  out  of 
consideration  those  of  which  the  occurrence  is  rare,  or  merely 
accidental,  and  we  have  seen  to  what  chemical  compounds  the 
various  colouration  of  the  great  rock-masses  of  our  earth  is  mainly 
due.  The  subject  is  one  which  deserves  far  more  attention  than 
has  hitherto  been  given  to  it,  and  to  which  it  is  impossible  to  do 
justice  in  a  bare  outline  like  the  present. 
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Test  eoe  Arsenic. — A  new  and  very  delicate  test  for  arsenic  has 
been  discovered  by  Bettendorff.  Its  sensibility  is  so  great,  that  it 
is  said  to  be  capable  of  detecting  one  part  of  arsenic,  in  a  million 
parts  of  solution ;  and  the  presence  of  antimony  does  not  affect  it. 
In  order  to  apply  this  test,  the  arsenious,  or  arsenic  liquid  is  mixed 
with  aqueous  hydric-chloride  (hydrochloric  acid),  until  fiimes  are 
apparent ;  thereupon  stannous  chloride  is  added,  which  produces  a 
basic  precipitate,  containing  the  greater  part  of  the  arsenic  as  metal, 
mixed  with  stannic  oxide. 

Radiation  op  Heat. — The  study  of  thermic  radiation  and  absorp- 
tion, has  lately  occupied  the  attention  of  Professor  Magnus,  who  has 
arrived  at  some  very  interesting  results.  When  a  substance  is  heated, 
and  allowed  to  cool  by  radiation,  it  may  emit  only  one  kind  of  heat,  or 
several  kinds,  simultaneously.  Of  the  former  case,  pure  rock-salt  is  an 
illustration :  it  is  monothermic,  just  as  its  vapour  is  monochromatic. 
On  this  fact  the  high  diathennancy  of  rock-salt  depends.  Nearly  all 
other  bodies,  when  heated  to  150°  C,  emit  heat,  which  contains  few 
or  none  of  those  rays  which  are  given  out  by  rock-salt.  Sylrine 
(potassio  chloride)  resembles  rock-salt,  but  is  not  equally  monother- 
mic. Heat  derived  from  rock-salt  is  almost  wholly  absorbed  by 
fluor-spar.  If  a  spectrum  could  be  projected  of  the  heat  radiated 
by  rock-salt  at  150°,  it  would  contain  only  one  band.  Professor 
Magnus  has  also  instituted  some  experiments  on  the  reflection  of 
heat  of  different  kinds.  Of  the  heat  radiated  by  numerous  sub- 
stances, unequal  amounts  were  reflected  at  an  angle  of  45°;  as 
shown,  for  example,  in  the  following  instances  : — 

Silver,  between  83  and  90  per  cent. 
Glass,  „     6  14 

Rock-salt,      „     5  12 

Fluor-spar,    „     6  10 

But  of  the  heat  from  rock-salt,  fluor-spar  reflected  from  28  to  80  per 
cent.,  whereas  silver,  glass,  and  rock-salt,  returned  no  more  of  this 
heat  than  in  the  preceding  cases.  Fluor-spar  reflects  15  to  17  per 
cent,  of  the  heat  from  sylrine ;  less,  therefore,  than  that  from  rock- 
salt,  and  more  than  that  from  the  other  radiating  bodies.  If  our 
eyes  could  distinguish  different  wave-lengths  of  heat,  as  they  do 
luminous  wave-lengths,  and  the  rock-salt  rays  were  the  source  of 
thermic  illumination,  fluor-spar  would  appear  the  brightest  of  all 
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bodies^  and  ttese  latter  would  commonly  display  every  variety  of 
tint. 

Metallic  Spbctba. — ^M.  Robert  Thal^n  has  communicated  to  the 
Boyal  Society  of  Upsala^  a  memoir  on  the  characteristic  metallic  lines 
of  the  spectrum,  especially  with  reference  to  their  wave-lengths.  As 
ordinary  spectroscopes  do  not  give  entirely  accordant  readings,  vary- 
ing as  they  do  with  temperature  and  other  incidental  circumstances, 
it  is  necessary  in  all  cases  to  make  the  solar  spectrum  the  basis  of 
reference.  Angstrom's  ^^  normal  solar  spectrum  ^'  was  accordingly 
the  starting-point  of  the  author's  researches ;  and,  with  this  as  his 
guide,  he  has  succeeded  in  constructing  a  chart,  which  gives,  in 
millimetres,  the  wave-lengths  of  metallic  lines  within  about 
0*0000001  of  their  true  value.  Forty-five  metals  have  been  thus 
investigated^  and  their  spectra  mapped.  Of  these,  the  following 
give  lines  coinciding  with  those  in  the  solar  spectrum  : — sodium, 
calcium,  magnesium,  iron,  manganese,  chromium,  nickel,  cobalt,  and 
titanium.  The  discovery  of  the  last-named  coincidence  is  due  to  M. 
Thal^n  himself. 

ViNB  Pests. — ^Many  of  the  continental  vineyards  have  been 
attacked  this  year  by  a  grub  which  infests  the  root  of  the  plant.  M. 
Marchaud  proposes  the  extermination  of  this  pest  by  watering  the 
soil  with  sulphuretted-hydrogen  water,  which  is  well  known  to  be 
very  fatal  to  small  animals. 

Bbgelation. — Pfauudle  has  put  forward  a  new  theory  of  the  rege- 
lation  of  ice.  According  to  Glausius's  researches  into  the  constitution 
of  liquids,  a  perfect  equilibrium  of  temperature  in  them  cannot  exist. 
[Van  der  Meusbugghe  has  still  more  recently  shown  that  liquids  are 
not  homogeneous,  their  ex{)osed  surfaces  being  in  a  state  of  tension, 
and  therefore  not  in  the  same  condition  as  their  principal  mass.] 
Hence,  if  any  molecular  disturbance  take  place  in  one  portion  of  a 
single  fragment  of  ice  which  is  surrounded  by  much  more,  the 
slight  loss  by  melting,  which  would  locally  ensue,  would  be  com- 
pensated for  by  a  coiTesponding  increment  in  some  other  of  its 
parts.  The  ice,  therefore,  must  grow  in  certain  directions ;  and  two 
pieces  of  ice  in  contact,  or  very  close  to  one  another,  are  likely  to 
freeze  together. 

Chemical  Affinity. — Thomson  has  continued  his  important  and 
very  delicate  thermo-chemical  researches.  Attacking  the  well-known 
problem  of  chemical  affinity,  by  means  of  thermic  phenomena,  he 
selects  one  case  for  experiment,  viz.,  the  action  of  hydric-chloride 
on  Bodic  sulphate  in  presence  of  water.  His  experiments  lead  him 
to  deny  Berthollef  s  law    (that    chemical    activity     depends  on 
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mass  X  affinity) ;  and^  among  other  interesting  oonclnsionB^  he 
demonstrates  that  hydric-solphate  has  more  diemical  energy  than 
hydric- nitrate. 

Adhesion  or  Aib  to  Giiiiis. — M.  Anguste  Houzsan  has  called 
the  attention  of  the  French  Academy  to  the  presence  of  nitrogen 
in  what  was  supposed  to  be  pure  oxygen.  He  shows  that  it  is 
extremely  difficult  to  get  rid  of  the  film  of  air  adhering  to  glass 
vessels,  even  after  considerable  ''sweeping^'  with  currents  of 
oxygen,  or  other  gas.  In  his  experiments  on  the  production  of 
ozone  by  the  electric  shock,  he  found  it  necessary  to  make  the  narrow 
tubes  he  employed  red  hot,  and  while  they  were  in  that  state  to  pass 
oxygen  currents  through  them. 

Sponges  and  Corals. — In  the  "  Annals  Nat.  Hist.''  for  January 
1870,  will  be  found  a  translation  of  a  paper  by  Hiickel,  giving  his 
reasons  for  asserting  that  '^  the  sponges  are  most  nearly  allied  to 
the  corals  of  all  organisms.  Certain  sponges  differ  from  certain 
corals,  only  by  a  less  degree  of  histological  differentiation,  and 
especially  by  want  of  urticating  organs.  The  most  essential 
peculiarity  of  the  organization  of  sponges,  is  their  nutritive  canal 
system,  which  is  both  homologous-  with,  and  analogous  to,  the  so* 
called  coelenteric  vascular  system,  or  gastro-vascular  apparatus  of 
the  Ccelenterates." 

Fbbnch  Locality  op  Pentaceinus  Eubop^us. — ^M.  Lacaze- 
Duthiers  describes,  in  '^  Comptes  Rendus,''  living  Encrinites  on 
the  coast,  by  Roscoff,  between  the  river  of  Morlaix,  and  St.  Pol- 
de-Leon  to  the  east,  and  the  Bay  of  Poulder  to  the  west,  a  locality 
bathed  by  the  Gulf  stream.  He  found  them  of  all  ages,  on  Sargas- 
sum.  *'  I  kept  them,"  he  says,  "  alive  for  a  considerable  time,  and 
the  largest,  after  agitating  themselves,  and  assuming  the  most 
graceful  forms,  metamorphosed  themselves  under  my  eyes,  aban- 
doning their  characteristic  peduncles,  becoming  free,  and  mingling 
with  adult  Antedons,  from  which  they  could  not  be  distinguished.^' 

PuBifTiNG  BisuLPHiDB  OP  Cabbon. — M.  S.  Cloez  has  brought 
before  the  French  Academy  a  method  of  purifying  bisulphide  of 
carbon,  by  keeping  it  in  contact  for  twenty-four  hours  with  one 
half  per  cent,  of  corrosive  sublimate  in  fine  powder,  gilding  the 
mixture  from  time  to  time.  The  foetid  matter  in  the  bisulphide 
combines  with  the  corrosive,  and  remains  at  the  bottom.  The  clear 
liquid  is  decanted,  mixed  with  0*02  of  its  weight  of  an  inodorous 
fatty  body,  and  distilled  in  a  water  bath  at  a  moderate  heat.  Thus 
purified,  the  bisulphide  has  an  ether^like  odour. 

Thb    Alleged    Eccentkicity    op    the    Moon^s    Fioubb.-*M. 
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Delannay^  in  presenting  to  the  French  Academy  a  work  by  Mr. 
Newcoart  of  Washington,  expressed  his  belief  that  the  investi- 
gations it  contained  strangely  shook,  if  they  did  not  quite  overthrow, 
M.  Hansen's  conclusion  that  the  Moon's  centre  of  gravity  was  con- 
siderably removed  f5rom  its  centre  of  form,  or,  in  other  words,  that 
the  part  turned  towards  the  north  was  considerably  puffed  out. 


PROGBESS  OF  INVENTION. 

ExTKACTDra  JmcB  i-bom  StraAB-CANE,  Bbbtroot,  etc.  —  M. 
Julius  Robert  ScelowitE  has  discovered  a  new  method  of  obtaining  the 
juice  from  such  substances  as  sugar-cane.  The  process  is  one  of 
difiusion.  The  cane,  or  substance  from  which  the  juice  is  to  be 
extracted,  is  cut  into  slices  by  a  specicJ  machine.  It  is  then  put 
into  a  so-called  battery  of  diffiision  vessels,  consisting  of  a  series  of 
closed  water-tight  tanks,  and  is  brought  into  contact  with  water  at 
an  elevated  temperature,  in  a  certain  succession  and  systematic 
order^  which  is  requisite  for  complete  extractiou,  and  for  the  proper 
concentration  of  the  juice  obtained.  Another  application  is  also 
described,  the  main  feature  of  which  consists  in  carrying  out  the 
whole  process  of  diffusion  in  one  single  vessel,  or  diffiiser,  in  which 
the  extraction  of  the  sugar  is  carried  on  continuously  by  intro- 
ducing slices  of  cane  through  a  feeding  apparatus  at  the  bottom  of 
the  vessel,  from  which  they  rise  slowly  to  the  top,  while  fresh  water 
is  constantly  running  in  at  the  top  of  the  diffusion  vessel,  and  is 
drawn  off  at  the  bottom  as  diffosion  juice,  after  having  remained  in 
contact  with  the  slices  for  a  sufficient  length  of  time.  The  liquid 
during  this  operation  is  agita4ied  by  machinery.  Could  not  this 
principle  be  applied  on  a  small  scale  for  domestic  uses,  as  in  the 
making  of  such  drinks  as  lemonade  f 

Sbcubino  Cores. — The  ordinary  method  of  fastening  corks  into 
soda-water  bottles  is  well  known.  Mr.  W.  M.  Littell,  of  New 
Jersey,  proposes  a  new  method,  which  consists  in  the  use  of  a  clip, 
or  fastener,  the  ends  of  which  are  jointed  or  secured  in  eyes  or 
loops  formed  in  a  ring  encircling  the  neck  of  the  bottle.  The  clip 
or  fastener  is  formed  with  two  arms  extending  up  at  the  sides  of  the 
cork,  which  arms  are  united  by  a  cross-piece  intended  to  rest  upon 
the  top  of  the  cork  when  it  is  placed  in  the  bottle.  The  clip  is 
made  of  iron  wire,  coated  with  tin,  so  as  to  prevent  oxidation,  and 
thetop>  or  cross-piece,  is  bent  so  that  the  central  part  projects  over^ 
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and  secures  the  cork^  when  it  is  released  from  the  corldng  machine ; 
while  the  sides  of  the  cross-piece  are  curved  in  the  opposite  direction, 
which  facilitates  the  adjustment  of  the  clip  over  the  cork.  The 
advantage  of  this  invention  is  that  it  can  be  used  by  persons  who 
have  no  special  skill  or  experience  in  bottling  liquids  under 
pressure. 

Window  Shuttees. — Mr.  Jackson,  of  Bradford,  constructs 
window-shutters  in  the  following  manner :— Laths,  or  narrow 
strips  of  wood,  are  arranged  horizontally  and  hinged  together,  the 
joints  being  on  alternate  sides,  so  as  to  allow  them  to  fold  in  a  zigzag 
manner  one  upon  the  other.  A  box  is  also  formed  to  receive  them, 
and  is  placed  under  the  window  bottom,  between  the  masonry  and 
the  lining.  A  cord  or  chain  is  fixed  to  each  end  of  the  top  lath,  and 
is  passed  over  pulleys  fixed  in  the  top  of  the  window-frame,  and  both 
cords  are  attached  to  balance-weights.  Grooves  are  formed  in  each 
side  of  the  window  casing  for  the  shutters  to  work  in.  When  the 
shutters  are  lowered  into  the  box  they  are  concealed  by  a  lid. 

Tools  pob  Cutting  Glass. — The  diamond  is  the  material  almost 
exclusively  used  in  cutting  glass.  It,  however,  requires  considerable 
skill  and  practice  to  use  it  efficiently.  Moreover,  it  is  a  costly 
material,  and  very  liable  to  be  injured  by  accidental  causes.  A 
method  of  cuttitig  glass,  which  does  away  with  the  use  of  the 
diamond,  has  lately  been  patented.  It  consists  in  cutting  or  pro- 
ducing a  continuous  fracture  along  the  surface  of  glass  by  com- 
pression. A  tool  is  employed  in  the  form  of  a  disk,  which  is  made 
to  revolve  on  its  axis  as  it  passed  over  the  surface  to  be  cut.  In 
practice  it  is  formed  by  the  end  of  a  cylindrical  shaft,  made  of  steel 
and  hardened ;  it  should  be  about  one-twentieth  of  an  inch  in  dia- 
meter, and  when  so  made  it  has  a  cutting  edge  of  an  angle  of  90^. 
The  shaft  is  mounted  on  a  frame,  and  made  to  revolve  on  friction- 
wheels,  to  lessen  resistance  as  much  as  possible,  and  is  held  so  that 
the  axis  of  the  shaft  is  perpendicular  to  the  line  of  progress,  or 
nearly  so ;  and  at  an  angle  of  45^  to  the  surface  of  the  glass,  and 
when  the  tool  is,  in  this  position,  it  is  drawn  forward  by  the  hand 
with  a  moderate  downward  pressure,  the  angular  edge  of  the  disk 
in  the  mean  time  receives  a  lateral  rotative  motion  compared  with 
the  line  of  progress  on  the  surface  of  the  glass,  and  so  produces  a 
continuous  fracture  similar  to  that  made  by  the  downward.  The 
tool,  however,  can  be  provided  with  a  means  for  guiding  it  over  the 
surface  of  the  glass,  so  that  a  cut  of  any  form  can  be  made. 

Mortar. — The  disadvantages  arising  from  those  kinds  of  mortar 
at  present  in  use  are  chiefly  owing  to  inferior  sand  being  used,  and 
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the  great  difficulty  of  obtaining  sand  at  a  moderate  price.  A 
material  has  been  invented  which  does  away  with  these  difficulties, 
for  when  nsed  it  requires  only  to  be  mixed  with  water.  In  order  to 
make  one  ton  of  this  mortar,  the  following  substances  should  be 
ground  by  machinery:  288 lbs.  of  lime  (either  caustic  or  the 
hydrate),  1728  lbs.  of  slag,  and  224  lbs.  of  calcined  coal-shale  clay. 
These  materials  having  been  ground  to  the  degree  of  fineness  required, 
are  mixed,  and  are  ready  for  use.  From  the  nature  of  the  substances 
used,  there  would  be,  doubtless,  a  more  rapid  chemical  action  than 
that  which  takes  place  in  ordinary  mortar.  For  plastering  purposes 
the  compost  seems  to  be  eminently  suitable. 

Manupacturb  01?  Magnesium. — Messrs.  Larkin  and  White,  of 
Hampstead,  thus  describe  their  "  Improvements  in  the  manufacture 
of  magnesium,  and  in  the  preparation  of  its  anhydrous  chloride :'' 
^'  Magnesium  is  obtained  by  the  reaction  of  sodium  on  the  anhy- 
drous chloride  of  magnesium,  and  the  chloride  of  magnesium  is 
prepared  by  dissolving  the  carbonate  in  hydrochloric  acid.  We  use 
or  add  acid  in  such  proportions,  that  in  the  solutiou  obtained  it 
shall  be  considerably  in  excess.  We  then  partially  dry  the  acid 
solution  in  thin  layers  in  covered  dishes,  taking  care  that  there  shall 
be  sufficient  aperture  for  the  ready  escape  of  the  acid  vapour.  The 
vessels  used  are  of  glazed  porcelain.  When  the  acid  solution  is 
thus  made  as  dry  as  can  be  conveniently  done,  we  remove  the 
residue  &om  the  evaporating  dishes,  and  fuse  it  rapidly  at  a  red 
heat,  the  crucibles  being  closed.  The  partial  drying  of  the  chloride, 
and  its  subsequent  fusion,  may  be  very  rapidly  accomplished  by 
passing  streams  of  hydrochloric  acid  gas  over  the  material,  first  at 
a  moderate  heat,  and  then  fusing  as  quickly  as  possible  at  a  red 
heat.  These  operations  may  readily  be  carried  on  upon  an  enormous 
scale  at  the  various  soda  works,  by  utilizing  tne  almost  waste  fumes 
of  hydrochloric  acid  gas  as  they  pass  from  the  salt  cake  furnaces  in 
the  production  of  sulphate  of  sodium  from  common  salt.  We  also 
obtain  chloride  of  magnesium  by  dissolving  the  oxide  in  chloride  of 
ammonium,  and  by  heating  them  together  in  a  covered  vessel.  In 
this  case  the  ammonia  is  given  off,  and  can  be  collected,  while 
chloride  of  magnesium  remains.  Having  obtained  the  chloride  of 
magnesium,  we  proceed  to  obtain  the  metal  from  it  by  placing  it 
with  a  proper  equivalent  of  sodium  in  a  plumbago  crucible  or  retort, 
the  retort  being  constructed  with  a  neck  having  a  stopper  accurately 
fitted  into  it.  The  mixture  is  then  exposed  to  a  full  red  heat,  and 
the  reaction  is  completed.  The  stopper  is  then  quickly  removed, 
and  a  condenser  fitted  on  to  the  neck  of  the  retort.     When  all  is 


106  PB00BBB8  OF  IK7SNTI0H. 

thus  arranged^  the  heat  is  increased  until  the  metallio  magnesium  is 
distilled  off^  and  received  into  the  condenser /^ 

Crucibles. — The  object  of  this  invention  is  one  of  considerable 
importance ;  it  is  to  produce  better  and  cheaper  crucibles^  or  other 
refractory  articles  to  be  used  in  metallurgic  operations^  or  in  labo- 
ratories. Pure  alumina  is  used  instead  of  plumbago^  and  this 
alumina  is  mixed  with  as  little  clay  as  possible  in  the  manufacture 
of  crucibles.  Porcelain  crucibles,  and  evaporating  dishes,  and 
other  articles  of  that  nature,  may  be  also  made  by  mixing  alumina 
with  a  little  porcelain  clay.  They  are  found  to  be  very  strong,  very 
refractory,  and  very  little  subject  to  chemical  action.  The  inventors 
are  John  L.  Hall  and  James  Morgan,  Montreal,  Canada. 

Watbbproof  Gaembnts. — At  present  in  the  use  of  waterproof 
garments  great  inconvenience  is  experienced  from  the  want  of  escape 
of  the  natural  moisture  exuded  from  the  body.  Messrs.  Thomas 
and  Jesse  Fagg,  of  the  Haymarket,  have  patented  a  method  of 
obviating  this.  They  apply  to  waterproof  garments  a  series  of 
elastic  tubes  of  vulcanized  india-rubber,  or  other  material  of 
sufficient  thickness  and  strength  to  resist  any  ordinary  compression, 
but  still  of  sufficient  elasticity  to  yield  freely  to  the  movements  of 
the  wearer.  These  tubes  are  attached  to  the  interior  of  garments 
by  strips  or  bands  coated  with  adhesive  solution  ;  by  this  means 
they  assert  that  a  free  circulation  of  air  under  the  garment  is 
obtained. 

BsDucnra  Orbs. — ^If  sucoessfrd,  a  very  important  invention  has 
been  patented  by  Mr.  Benson,  of  Hexham.  He  proposes  to  use 
edge-runners  for  crushing  minerals  instead  of  stamps.  The  expe- 
riment has  been  often  tried,  but  with  very  imperfect  results.  The 
new  method  proposed  Jls  as  follows : — ^The  ores  or  minerals  are  fed 
to  the  runners  by  means  of  an  upright  hollow  shaft,  the  lower 
portion  of  which  is  conical,  and  over  the  exterior  of  the  cone, 
and  through  openings  in  the  shcbft,  the  ores  and  minerals  are 
carried  by  thin  streams  of  water  to  the  bottom  of  the  pan,  and 
underneath  the  edge  rolls.  By  this  means  they  are  reduced 
to  a  fine  thin  pulp;  or  they  may  be  fed  under  the  runners 
by  spouts  or  conduits  from  the  exterior,  or  through  the  tim  of 
the  pan. 

Umbrellas.— Silk  umbrellas  are  liable  to  wear  in  the  folds  be- 
tween the  ribs.  In  order  to  prevent  this,  Messrs.  Johnson  and 
Hatchman,  of  Wood  Street,  City,  propose  to  employ,  as  a  thickening 
material,  where  the  folds  occur,  a  substance  which  will  not  form 
into  shofp  folds,  or  well-defined  creases;  they  make  an  umbrella. 
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therefore,  erf  silk,  but  with  certain  parts  lined  with  linen,  or  some 
other  such  material. 

Perambulatoes. — In  order  to  prevent  the  exposure  of  children  to 
cold  by  facing  the  wind  or  rain,  Mr.  William  Martin,  of  Manchester, 
makes  perambulators  which  are  capable  of  being  reversed  on  their 
frames  when  required.  The  body  is  socketed  on  to  the  frame,  so 
that  it  can  be  moved  easily,  the  movement  being  checked  by  pins  or 
catches.  He  also  arranges  the  body  and  frame  so  that  the  foot  of 
the  body  can  be  raised  so  as  to  enable  the  occupant  to  be  in  a  recum- 
bent position.  This  is  effected  by  the  use  of  a  lever,  or  a  rack 
and  pinion. 

Obtainikg  Gelatine. — Crude  animal  substances,  such  as  the 
flesh,  fat,  skin,  tendons,  bones,  etc.,  either  with  or  without  a  pre- 
vious treatment  with  lime,  are  treated  with  benzine,  or  some  other 
similar  hydro-carbon,  in  a  vessel  provided  with  a  condensing  appa- 
ratus for  saving  any  vaporised  benzine,  or  in  a  closed  vessel  at  an 
elevated  temperature.  After  a  few  hours^  digestion,  the  hydro- 
carbon solution  of  the  fats  and  oils  is  drawn  off,  and  maybe  treated 
by  any  of  the  well-known  methods  for  recovering  the  volatile  hydro- 
carbon, which  may  be  again  used  in  subsequent  operations.  The 
oils  and  fats  are  saved  and  utilized.  The  animal  matters,  or  purified 
glue  stock,  is  now  ready  for  conversion  into  gelatine  by  heating 
with  water  in  the  ordinary  way. 

CosD  TiGHTENEE  FOR  CuRTAiN  FIXTURES.— The  following  is  a 
very  neat  method  for  tightening  the  endless  cord  used  in  window- 
bHnds.  The  pulley  over  which  the  cord  passes  is  mounted  on  one 
arm  of  an  L  shaped  slide,  the  other  arm  passing  inside  a  heUcal 
spring,  and  these  are  mounted  in  a  slotted  tubular  case  that  is  to  be 
fastened  to  the  window-casing,  or  other  place,  so  that  the  helical 
spring  acts  upon  the  pulley  to  keep  the  endless  cord  at  the  necessary 
tension  to  act  upon  the  curtain-roller,  and  the  spring  yields  to  any 
contraction  or  expansion  of  the  cord  under  atmospheric  changes. 
The  arm  of  the  pulley-slide,  being  within  the  spring,  cannot  become 
obstracted  in  its  movement  in  the  tubular  case. 
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HoMEE :  THE  Ilud.  By  the  Rev.  W.  Lucas  Collins,  M.A., 
author  of  "Etoniana/'  "The  Public  Schools/'  etc.  (Blackwood 
and  Sons.) — This  pretty  book  is  the  first  of  a  series ;  and  there  can 
be  no  doubt  that  if  those  which  follow  exhibit  anything  like  as 
much  literary  skill  and  scholarship,  as  Mr.  Collins  has  brought 
to  his  task,  a  great  success  will  be  achieved. 

Mr.  Collins  tells  the  story  of  the  Iliad,  in  capital  prose,  inter- 
spersed with  judicious  observations,  critical,  historical,  and  ex- 
planatory, and  when  he  comes  to  the  more  important  passages,  he 
gives  them  in  the  versions  of  Lord  Derby,  Pope,  or  other  trans- 
lator. We  wonder  he  has  omitted  old  Chapman,  and  others  we 
could  name,  and  we  think  he  has  resorted  rather  too  much  to  Pope. 
'' Pope's '^  Homer,  however  great  its  merits,  is  the  least  like 
Homer*s  Homer  of  any  translation  in  existence.  It  is  para- 
phrastic where  the  old  Greek  is  direct ;  highly  artificial  where  the 
original  is  simple ;  and  the  monotonous  versification  differs  as  much 
as  possible  from  the  Homeric  metre,  which  has  the  variety  and 
flexibility  of  blank  verse.  But,  although  we  should  have  been  more 
pleased  with  less  Pope,  we  must  acknowledge  th,at  Mr.  Collins  has 
selected  many  of  the  favourite  passages  from  that  author,  and 
altogether  he  has  produced  a  very  charming  book,  which  will  do 
more  to  make  English  people  understand  Homer,  than  any  publi- 
cation which  has  yet  appeared.  Let  any  one  try  the  experiment 
of  reading  a  chapter  aloud  in  the  family  circle,  and  if  he  reads 
tolerably  well,  his  audience  will  not  let  him  off,  till  the  final  page  is 
reached. 

Gbologt  and  Revelation  :  or  the  Ancient  History  of  the  Earth, 
considered  in  the  Light  of  Geological  Facts  and  Revealed  Religion ; 
with  Illustrations,  by  the  Rev.  Gerald  Molloy,  D.D.,  Professor  of 
Theology  in  the  Royal  College  of  St.  Patrick,  Maynooth.  (Longmans.) 
"^We  learn  from  the  preface,  that  Dr.  Molloy  saw,  as  a  theologian, 
the  necessity  of  his  understanding  the  leading  facts  and  arguments 
of  geology,  in  order  that  he  might  be  able  to  judge  of  the  relations 
between  that  science  and  revelation.  An  ordinary  theologian 
would  have  followed  the  common  practice  of  writing  about  geology 
in  profound  ignorance  of  the  subject ;  and  so  much  rubbish  of  this 
kind  has  been  published,  that  scientific  men  will  now  rarely  look  at 


LITSRABT  NOnCBS.  109 

books  professing  the  object  Dr.  MoUoy  had  in  view.  By  going 
honestly  to  work,  he  has  produced  a  valuable  volume,  and  the 
sturdiest  Protestant  need  not  be  afraid  of  it  because  it  issues  from 
the  College  of  St.  Patrick,  Maynooth.  The  greater  part  of  the 
volume  is  occupied  with  an  able  epitome  of  geological  science,  in 
which  facts,  arguments,  and  inferences  are  fairly  stated.  This 
makes  the  book  a  good  scientific  manual.  Then  comes  an  inquiry 
into  the  Mosaic  account  of  creation,  and  the  interpretations  which 
the  most  learned  students  in  all  ages  have  placed  upon  it.  This 
part  contains  a  great  deal  of  curious  and  scholarlike  matter,  quite 
out  of  the  ordinary  range  of  theological  reading.  We  do  not 
enlarge  upon  it,  because  theology  is  beyond  our  scope,  but  we 
may  state  that  Dr.  MoUoy  arives  at  the  conclusion,  that  the 
geological  doctrine  of  the  antiquity  of  the  globe,  is  in  harmony  with 
the  best  expositions  of  the  Hebrew  writings.  In  another  volume 
he  promises  to  take  up  the  question  of  the  antiquity  of  man,  and 
if,  as  we  may  expect,  he  treats  it  with  equal  learning,  his  labours 
will  command  attention  and  respect,  whatever  may  be  the  con- 
clusions to  which  he  arrives. 

Faraday  as  a  Discovbebr.  By  John  Tyndall,  New  Edition. 
(Longmans.)— We  are  glad  to  see  that  a  new  edition  of  this  work 
has  been  called  for.  The  present  is,  we  believe,  in  a  cheaper  form, 
and  will  be  a  welcome  addition  to  the  student's  library.  Like 
the  former  edition,  it  contains  two  portraits  of  the  great  philo- 
sopher. 

Microscopic  Objects  Figured  and  Described.  By  John  P. 
Martin,  Secretary  to  the  Maidstone  and  Mid-Kent  Natural  History 
Society.  No  1.  (Van  Voorst.) — The  object  Mr.  Martin  proposes  to 
himself  in  this  publication,  is  to  supply  '^  an  accurate  drawing  and 
description ''  of  objects  likely  to  be  found  in  cabinets  of  micro- 
scopic objects,  or  which  may  be  readily  procured.^'  It  will  be  issued 
in  parts,  each  one  containing  eight  plates  and  eight  pages  of  letter- 
press, the  whole  to  comprise  about  200  figures,  and  to  form  an 
octavo  volume.  The  descriptions  will  be  adapted  to  "  those  who 
wish  to  become  acquainted  with  the  curious  and  beautiful  appear- 
ances presented  by  the  microscopic  components  of  natural  bodies, 
without  entering  deeply  into  their  functions  and  uses.''  Judging 
from  the  plates  and  letter-press  in  the  part  before  us,  the  work  wiU 
be  a  pleasant  and  useful  aid  to  the  class  for  whom  it  is  designed. 
The  plates  in  this  part  relate  to  vegetable  objects,  yeast,  maple  blight, 
sections  of  pith^  and  wood,  etc. 
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The  Floral  World,  No.  I.,  1870.  (Gfroombridge  and  Sons.) — 
"  Fuchsias^  Old  and  New/^  with  a  coloured  plate  of  "  Banks's 
Perfection/'  supply  matter  for  the  first  paper  in  this  number.  Mr. 
Fairbairn  gives  directions  for  growing  Orchids  in  Greenhouses  at  a 
moderate  heat,  with  a  Ust  of  those  best  adapted  to  the  purpose. 
We  notice  also  a  valuable  article  on  '^  Flowering  Shrubs  for  English 
Gardens,''  signed  by  the  well-known  initials  S.  H.,  and  other  useful 
matter. 
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Earthquake  at  Biskra,  Algiers. — ^At  Biskra,  South  Algeria  (85^ 
lat.),  from  the  16th  to  the  19th  of  November  last,  strong  earthquake 
shocks  were  felt,  houses  cracked,  bells  rang,  trees  swayed  to  and  fro,  and 
a  dull  rolling  noise  was  heard.  In  some  spots  dark  ^'  plumes  "  rose  in 
the  air,  as  from  volcanoes,  they  were  dust  clouds  from  falling  buildings. 
The  shocks  seemed  to  follow  a  quarter  of  a  circle  from  east  to  south- 
east, with  a  radius  of  thirty  to  forty  kilometres,  the  north-eastern  chord 
of  the  arc  being  formed  by  the  chain  of  Aures. 

Platikized  Glass. — M.  Wailly,  of  Aisne,  platinizes  glass  as  follows : 
The  glass  is  thoroughly  cleansed  and  placed  vertically,  to  receive  the 
platinizing  liquid.  This  is  first  spread  frt)m  the  bottom  to  the  top,  then 
from  left  to  right,  then  frt>m  the  top  to  ther  bottom,  and  finally  from  right 
to  left.  Thus  the  oily  layer  is  spread  equally  and  dries  slowly  without 
running.  To  make  the  liquid  he  takes  1 00  grammes  of  finely  laminated 
platina,  desolves  it  in  aqua  regia ;  evaporates  to  dryness  in  a  sand  bath, 
avoiding  the  decomposition  of  the  protinic  chloride.  It  is  then  ground 
np  on  a  stone  with  a  muller,  with  successive  additions  of  oil  of  rectified 
lavender.  The  reaction  takes  place  on  the  glass,  and  it  is  necessary  to 
avoid,  in  the  preliminary  preparations,  too  much  oil,  or  too  high  a  tem- 
perature. When  about  1,400  grammes  of  oil  of  lavender  has  been  added 
to  the  above-named  quantity  of  platinum,  the  mixture  is  placed  in  a  porce- 
lain capsule,  and  left  to  repose  for  a  week.  It  is  then  decanted  and  filtered ; 
decanted  again  after  six  days,  and  filtered  again.  The  filtered  liquid 
doit  moiquer  5  de^h  aupesi  acide.  As  a  flux  for  the  quantity  of  platinum 
named,  twenty-five  grammes  of  litharge,  and  the  same  of  borate  of  lead, 
are  rubbed  up  with  eight  to  ten  grammes  of  oil  of  lavender.  This  is  well 
stirred,  and  mixed  with  the  platinizing  fluid.  When  the  glass  is  covered 
with  a  layer  of  metal,  and  is  dry  enough,  it  is  placed  in  a  muffle  of  special 
construction,  and  the  decomposition  of  the  platiniferous  resin,  and  its 
transformation  to  charcoal  is  effected  without  fusion,  ebullition,  or 
bubblings,  and  the  spongy  skeleton  formed  by  the  cinders,  is  fixed  and 
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tranflfonned  into  a  perfect  platinization.  This  is  perhaps  intelligible 
though  not  very  clear.  The  platinized  mirrors  are  fonnd  to  be  very 
brilliant  and  cheap.  One  franc's  worth  of  the  metal  will  cover  a  square 
metre  of  the  glass,  the  ^ron^  surface  of  which  is  coated. 

Chinese  Observations  op  Comets. — Mr.  Williams,  the  Assistant 
Secretary  of  the  Royal  Astronomical  Society,  has  recently  presented  to 
that  body  a  MS.  translation  of  Chinese  observations  of  Comets,  from  B.C. 
613,  to  A.D.  1640.  This  is  a  work  of  great  labour  and  merit,  and  we 
hope  it  will  not  be  buried  in  the  Society's  library,  but  suitably 
published. 

November  Meteors,  1869. — The  "  Monthly  Notices  "  contain  Mr. 
Tupman's  observations  of  these  meteors  at  Port  Said.  He  found 
that  no  single  radiant-point  would  satisfy  all  the  paths  observed,  so  that 
their  orbits  cannot  be  identical  in  inclination  and  eccentricity. 

Auroras  and  Magnetism. — In  "  Monthly  Notices  "  for  December  10, 
1869,  will  be  found  a  brief  paper,  by  Mr.  Balfour  SteVart,  suggest- 
ing that  auroral  displays  may  bo  secondary  currents,  due  to  small  but 
rapid  changes  caused  by  some  unknown  influence  in  the  magnetism  of  the 
earth. 

The  Melbourne  Telescope. — The  following  is  from  an  Australian 
paper.  "  The  work  of  drawing  and  observing  the  nebulae  of  the  southern 
heavens  with  the  great  telescope,  is  progressing  steadily  at  the  Melbourne 
Observatory.  A  good  deal  of  delay  is  caused  by  the  many  adjustments 
and  alterations  which  are  constantly  required  to  be  made  to  the  telescope, 
a  portion  of  which  are  due  to  faults  of  construction,  and  others  are 
suggested  by  experience  in  working  the  instrument.  The  nature  of  the 
work  on  which  the  telescope  is  at  present  engaged,  prevents  any  very 
rapid  results  being  realized,  it  being  probable  that  some  of  the  work  at 
present  in  hand,  will  not  be  finished  until  the  end  of  the  year.  Another 
drawback  Mr.  EUery  has  had  to  contend  ag^nst,  is,  that  on  unvamishing 
the  second  speculum,  it  was  found  that  the  coating  had  injured  the 
polish  of  the  reflector,  which  will  have  to  be  repolished  before  it  can  be 
used :  this  will  cause  some  delay.  The  astronomical  photographic 
apparatus  has  not  arrived  from  England,  although  it  has  long  since  been 
paid  for.  The  other  branches  of  the  work  at  the  Observatory,  are 
progressing  in  a  most  satisfactory  manner,  and  the  Victorian  portion  of 
the  survey  of  the  southern  heavens  is  being  pushed  forward  as  rapidly 
as  circumstances  will  admit." 

Premiums  for  Odours  op  Plants. — The  following  Premiums  have 
been  placed  at  the  disposal  of  the  "  Council  of  the  Society  of  Arts,"  for 
the  term  of  seven  years,  by  Dr.  Septimus  Piesse,  Esq.,  F.C.S. : — 

1.  A  Premium  of  £5,  for  one  pound  of  otto  of  bergamot)  of 
the  value  of  16s.,  or  more,  in  the  London  market,  being  the  produce  of 
plants  (Citrus  ber^amia)  grown  in  Australia,  New  Zealand,  Natal,  any 
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of  the  British  West  India  Islands^  or  any  other  British  Colony  or 
Dependency. 

2.  A  Preminm  of  £6,  for  one  onnce  of  otto  of  roses,  of  the  value  of 
20s.,  or  more,  in  the  London  market,  being  the  produce  of  any  variety  of 
roses  grown  together  in  one  plantation  in  Australia,  New  Zealand,  Natal, 
any  of  the  British  West  India  Islands,  or  any  other  British  Colony  or 
Dependency. 

8.  A  Premium  of  £10,  for  a  canister  of  enflowered  butter,  or  £at^ 
so  scented  with  any  kind  or  sort  of  flower,  either  by  infusion .  or  enfleu- 
rage,  or  by  means  of  these  processes  jointly,  of  the  weight  of  8  lbs.  or 
more,  and  of  the  value  of  6s.  per  lb.  in  London.  The  said  butter  or  fat 
to  be  enflowered  or  infused  with  flowers  grown  for  the  purpose  in 
Australia,  New  Zealand,  Natal,  any  of  the  British  West  India  Islands,  or 
any  other  British  Colony  or  Dependency. 

Artificial  Gems. — M.  A.  Oauden  lately  read  a  paper  before  the 
French  Academy  on  this  subject.  He  endeavours  to  obtain  his  artificial 
products  free  from  crystallization,  and  quite  limpid.  The  crystals  he 
sometimes  forms,  though  interesting  to  science,  have  not  the  character 
he  requires  as  substitutes  for  precious  stones.  He  operates  in  porcelain 
vessels,  varying  the  formuIsB  indefinitely,  with  difi'erent  proportions  of 
sand,  aluminium,  kaolin,  talc,  lime,  etc.,  keeping  as  near  as  possible  to 
the  formulee  of  granite,  as  that  substance  is  naturally  viscous  after  iusion, 
and  it  is  diflGicult  to  devitrify.  He  says,  that  ho  especially  endeavours, 
with  the  help  of  the  oxyhydrogen  blow-pipe,  to  produce  really  fine 
stones,  not  yielding  to  the  file,  and  at  least  as  hard  as  each  crystal.  In 
crucibles,  he  states,  that  the  hardness  is  only  obtained  at  the  expense  of 
devitrification,  and  the  stones  are  only  half  good. 
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BY  T.   W.   WOOD,   P.Z.S. 
{WUh  two  Plates:  one  coloured.) 

The  study  of  Ornithology  is  by  no  means  neglected  in  the  present 
^7i  good  and  usefal  works  on  this  delightful  subject  are  rather 
frequently  issued ;  yet  one  branch  of  it  has  been  most  inadequately 
dealt  with  by  authors,  artists,  and  taxidermists.  I  allude  to  the 
courtship  of  birds,  a  phase  of  their  existence  which  most  assuredly 
cannot  yield  to  any  other  in  interest  and  entertainment  to  those  who 
study  and  admire  nature's  marvellous  works.  It  is  the  tender 
passion  (albeit  a  very  strong  one)  which  prompts  the  nightingale 
and  skylark  in  their  songs,  the  cuckoo  and  many  other  birds  to 
utter  their  call  notes,  and  the  peacock  to  spread  out  his  glories  in 
the  sunshine,  in  hopes  to  win  the  favour  of  his  mistress,  that  she 
may  look  "  and  find  delight  writ  there  with  beauty's  pen.'' 

ITie  popular  idea  of  the  peacock's  disposition  is  well  expressed 
by  the  proverb  ''  as  proud  as  a  peacock."  My  own  opinion,  however, 
after  closely  watching  the  bird's  actions,  does  not  quite  coincide 
with  this ;  still  I  may  be  mistaken.  All  we  know  for  a  certainty  is 
that  creatures  so  highly  decorated  as  the  peacock,  birds  of  paradise, 
and  others  belonging  to  different  orders  of  animated  existence,  are 
always  possessed  of  the  power  and  disposition  to  display  those 
decorations.  This  action  of  display  is  performed  by  the  males, 
generally,  though  not  always  in  presence  of  the  females,  and 
undoubtedly  has  for  its  object  the  winning  of  their  favours.  How 
intently  is  the  attention  of  the  peacock  fixed  upon  the  peahen 
when  he  stands  before  her  with  his  glorious  train  of  oscellated 
feathers  fully  expanded  !  Still  this  bird  will  often  spread  out  his 
plumes  when  not  blessed  with  a  female  companion,  and  the  peahen 
sometimes  erects  her  tail  and  tail  coverts ;  but  we  cannot  attribute 
this  action  of  the  hen  to  a  feeling  of  pride,  seeing  how  little  beauty 
of  colour  she  is  possessed  of.  When  the  peacock  expands  his  train^ 
the  wings  and  under  parts  of  the  body  are  entirely  hidden  from  the 
view  of  an  observer  standing  in  front  of  him.  The  specimen  in 
the  national  collection  is  incorrect  in  this  and  other  respects,  and 
the  only  stuffed  specimen  which  has  struck  me  as  being  true  to 
nature,  was  in  the  Great  Exhibition  of  1851.  The  very  peculiar 
feathers  which  border  the  peacock's  train  are  most  probably  the 
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upper  tail  coverts,  the  rest  of  the  feathers  composing  it  grow  from 
the  lower  part  of  the  back. 

Birds  are  gifted  with  an  instinct  which  impels  them  to  act  as  if 
they  knew  what  part  or  parts  of  their  bodies  are  specially  decorated, 
these  decorations  being  always  displayed  fully,  and  in  the  best 
manner  possible  during  courtship.  The  peacock  as  we  have  seen 
conceals  his  wings  while  displaying  his  more  showy  plumage ;  but 
the  peacock-pheasant,  or  Polyplectron,  displays  the  wings ;  as  they, 
with  the  tail,  are  most  chastely  ornamented  with  gem-like  spots. 
The  note  of  this  bird  is  a  sort  of  coarse  laugh,  not  uttered  dnring 
display,  but  generally  while  perched,  and  so  frequently  repeated 
when  it  once  begins  as  to  tire  the  ear  of  anybody  obliged  to 
hear  it. 

The  wild  turkey  of  Honduras,  Meleagris  ocellata,  is  perhaps 
more  varied  and  brilliant  in  colouring  even  than  the  peacock, 
though  not  possessed  of  a  long  train.  This  magnificent  bird  is  not 
a  true  turkey,  but  assimilates  to  the  Polyplectrons  in  many  details 
of  structure ;  and  like  those  birds,  it  can,  while  strutting,  move  its 
expanded  tail,  so  as  to  give  the  observer  standing  at  the  side  of  the 
bird  a  full  view  of  it.  A  fine  male  of  this  species  was  strutting 
about  at  the  Zoological  Gardens  with  great  apparent  pomposity  one 
fine  morning,  not  looking  to  see  where  he  was  going,  when  he 
suddenly  stepped  into  the  water  in  the  centre  of  his  compartment; 
his  ardour  was  thereby  greatly  cooled,  and  he  presented  a  very 
comical  appearance  for  a  short  time.  The  bare  skin  of  the  head 
and  neck  of  this  rare  bird  is  light  greyish  blue ;  space  round  the  eye 
and  tubercles  on  the  neck,  coral  red ;  tubercles  over  the  eyes  and  on 
top  of  the  head,  light  orange  buff;  legs  and  feet,  coral  red. 

The  monal  or  impeyan  pheasant,  Lophophorus  iynpeyanus,  of  the 
Himalayas,  is  very  fond  of  ''showing  off,"  as  it  may  be  called.  I 
have  seen  him  taking  very  long  strides,  stopping  a  moment  between 
each,  with  the  beak  bent  down  and  touching  the  neck,  the  light 
greenish  blue  skin  round  the  eye  extended  backwards,  and  the 
crest  erected,  the  ear  coverts  also  appear  to  project,  the  beautiful 
wings  by  being  slightly  opened  and  elevated  are  fully  shoWn, 
excepting  the  black  primaries,  which  are  concealed,  the  tail  is  spread, 
and  if  the  female  be  at  the  side  of  the  bird,  the  male  bird  hides  his 
black  breast  and  under  parts  on  that  side  nearest  to  her  by  extend- 
ing the  brilliant  plumage  of  the  neck  downwards  and  lowering  one 
wing.  There  is  a  pair  of  these  birds  in  a  separate  case  at  the 
British  Museum,  in  which  the  male  is  represented  as  paying  his 
addresses  to  his  mate;  but  the  peculiarities  just  mentioned  have  not 
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been  attended  to,  still  the  arrangement  is  artistic  and  the  beantifal 
plumage  is  well  seen. 

I  will  call  the  action  last  alluded  to  the  lateral,  or  one-sided 
mode  of  display,  and  the  more  typical  pheasants  seem  to  possess 
no  other  method.     Wo  may  reasonably  conclude  from  this  that  the 
females  of  these  birds  prefer  colour  and  markings  to  beauty  of  form, 
as  the  males  distort  themselves  in  order  to  show  a  greater  number 
of  beautiful  feathers  than  could  be  seen  otherwise  at  one  view.     A 
description  of  this  very  peculiar  attitude  need  not  be  attempted,  as 
the   figure  of  the  Japanese    pheasant   {Phasiantts    versicolor)   on 
Plate  II.,  sketched  from  life  at  the  Zoological  Gardens,  will  convey 
the  idea  at  once  to  the  reader.     It  will  be  seen  how  greatly  the 
skin  round  the  eye  (of  a  bright  vermilion  colour)  is  extended,  aad 
the  little  purple  aigrettes  are    erected.     The  common  partridge 
{Perdix  cinerea),  displays  one  side  to  his  mate;  so  do  the  honied 
tragopans :  but  these  birds  have  other  modes  in  addition,  for  a 
description   of  which  the   reader  is  referred  to   No.  xx.  of  the 
*'  Intellectual  Observer.'^     I  regret  to  state  that  all  the  specimens 
of  the  species  described  in  that  article,  including  the  young  ones, 
have  since  died ;  but  Temmnick's  tragopan  {Oeriomis  TemminMi^ 
has  taken  their  place  in  our  aviaries.     This  species  is  somewhat 
smaller,  but  stouter  in  build  than  the  other,  and  possesses  a  much 
larger  wattle,  which  is  square  at  the  lower  end.     This  magnificent 
appendage  is  of  a  deep  ultramarine  blue  in  the  central  part,  which 
colour  descends  in  a  broad  band  from  the  throat  to  the  extremity  of 
the  wattle,  and  is  regularly  spotted  with  light  blue ;  the  lateral 
bands,  much  more  numerous  than  in  the  other  species,  are  also  of 
this  latter  colour,  and  the  space  between  each  is  filled  in  with  a 
most  lovely  carmine ;  it  is  edged  all  round  with  light  blue.     I  was 
fortunate   enough  to  obtain  a  good  sight  of  the  wattle  one  fine 
evening  in  spring,  while  the  bird  stood  very  still  on  an  elevated 
perch  in  a  grotesque,  almost  comical,  attitude ;  nearly  all  his  feathers 
being  erected,  his  crest  expanded  laterally,  and  his  wattle  pendant, 
but  not  expanded ;  he  looked  as  if  bent  upon  sport  or  misdiief. 
The  wattle  and  horns  are  fully  exhibited  only  when  the  male  ia 
paying  his  addresses  very  ardently  to  the  female.     I  have  only  seen 
this  species  do  so  once ;  this  was  at  the  Zoological  Gardens,  and 
my  vexation  was  great  at  not  being  able  to  place  myself  so  as  to 
obtain  a  front  view  of  the  bird,  owing  to  the  door  of  the  aviary 
being  kept  locked ;    and   I   will  here  express  my  opinion,  that  a 
fellow  of  the  society,  who  sits  and  watches  the  birds  for  hours,  and 
who  would  take  every  care  not  to  disturb  them^  ought  to  be  allowed 
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every  facility  for  prosecuting  his  researches.  On  the  occasion 
referred  to,  it  was  evident  that  the  wattle  was  being  let  down,  and 
also  expanded  on  each  side  like  a  large  and  gorgeous  apron,  cover- 
ing half,  and  perhaps  more,  of  the  bird's  body  in  front ;  the  horns 
were  then  seen  to  be  of  a  very  vivid  light  greenish  blue,  and  the 
edge  of  the  wattle  viewed  from  behind,  carmine.  The  cheeks  in 
this  bird  are  bare,  and  of  a  blue  colour. 

The  last,  though  not  least  remarkable  example  of  the  lateral 
mode  of  display  which  will  be  mentioned  here  is  the  golden 
pheasant  {Thaumalea  picta),  whose  elegant  form  and  brilliant 
colouring  are  so  well-known  in  this  country.  The  male  runs  very 
playfully  after  the  female,  and  placing  himself  in  front  of  her, 
quickly  expands  his  collar,  bringing  nearly  the  whole  of  it  round 
to  the  side  where  it  is  to  be  exhibited,  and  thereby  presenting  to 
view  a  flat  disc  of  bright  orange  red,  banded  with  perfect  regularity 
by  blue-black  semicircles;  the  hen  on  seeing  this  frequently  runs  away 
pursued  by  her  would-be  mate,  who  generally  finds  himself  placed 
with  his  other  side  towards  her,  and  the  collar  is  accordingly  shown 
on  that  side.  ^  At  the  moment  the  full  expansion  of  the  collar  takes 
place  the  bird  utters  a  very  snake-like. hiss,  which,  according  to  our 
notions,  would  not  be  very  fascinating  as  a  love-song ;  the  body  is 
very  much  distorted,  as  is  the  case  with  the  true  pheasants,  but  the 
tail  is  not  spread  so  muc)i,  as  the  curved,  roof-like  shape  prevents 
its  forming  a  flat  surfrce.  Slight  breaks  would  occur  in  the  black 
stripes  of  the  collar  when  expanded  were  it  not  that  each  feather 
has  a  second  black  stripe  which  is  so  placed  as  effectually  to  pre- 
vent this. 

Nature  has,  in  one  of  her  fits  of  eccentricity,  furnished  the  males 
of  certain  species  of  grouse  in  America  with  large  pouches,  or  wind- 
bags. The  pinnated  grouse  {Tetrao  cupido),  well  known  in  its 
native  land  as  the  Heath  hen,  is  a  good  example  of  them.  In 
the  year  1862  a  considerable  number  of  these  birds,  mostly  of  the 
male  sex,  were  living  in  the  Zoological  Gardens,  and  I  had  an 
excellent  opportunity  of  observing  their  actions,  as  I  was  in  a  com- 
partment of  the  aviary  in  which  was  a  male  and  female :  the 
coloured  plate  will  convey  an  idea  of  their  appearance ;  the  male 
bird  in  the  background  is  represented  having  his  neck  plumes 
pendant.  This  curious  fellow  commences  his  eccentric  perform- 
ances by  erecting  his  long  wing-like  neck  plumes  till  they  meet 
over  the  top  of  his  head;  he  also  erects  and  expands  his  tail, 
showing  the  white  under  coverts,  and  with  drooping  wings,  trots, 
or  toddles  along  (the  movement  is  not  Uke  walking),  slightly  turn* 
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ing  in  Ins  coarse^  and  accompanying  his  steps  with  a  knocking  noise, 
which  somewhat  resembles  the  sound  made  by  water  escaping  from 
an  inverted  bottle,  and  is  not  loud — indeed,  I  qae.stion  whether  I 
should  have  noticed  these  curious  sounds  had  I  not  sat  perfectly 
still ;  but,  as  it  was,  the  bird  showed  no  signs  of  fear,  but  fre- 
quently came  so  close  to  me  that  I  could  have  touched  him.  And 
I  would  here  observe  that  this  stone-like  stillness  must  frequently 
be  adopted  by  those  who  desire  to  study  the  habits  of  wild  creatures. 
But  to  return  to  my  description.  After  strutting  a  short  distance 
in  the  manner  described,  the  bird  stands  still  and  utters  his  own 
peculiar  '^  cock-a-doodle-doo,*'  in  doing  which  he  does  not  raise 
his  head  nor  open  his  bill,  but  he  suddenly  inflates  his  neck- 
pouches,  and  gives  vent  to  his  feelings  in  three  rather  loud  windy 
hootings,  of  which  the  first  note  is  the  highest  and  the  second  one 
the  lowest.  If  he  hears  a  rival  he  utters  a  loud  quawh,  indicative 
of  the  highest  excitement,  and  repeats  his  own  performances  with 
renewed  energy.  The  beautiful  yellow  combs,  with  serrated  edges, 
one  over  each  eye,  must  not  be  forgotten.  They  are  seen  to  sprout, 
as  it  were,  from  amongst  the  feathers  at  the  same  time  that  the 
neck  plumes  are  raised.  These  plumes  hang  down  and  cover  the 
naked  pouches  when  the  bird  is  not  strutting.  The  pouches,  when 
inflated,  are  about  the  size  of  a  large  orange,  which  fruit  they  also 
resemble  in  colour,  with  the  exception  of  being  slightly  darker  and 
tinged  with  brown,  and  there  is  an  elongation  towards  the  head  of 
a  carmine  colour.  The  figure  of  the  pinnated  grouse  strutting,  as 
given  by  Wilson,  in  his  "  American  Ornithology,'*  is  extremely  inac- 
curate ;  and  it  is  a  pity  that,  when  he  went  out  to  observe  these  birds 
in  their  native  haunts,  be  should  have  used  his  gun  before  doing 
justice  to  them  by  his  pencil  and  note-book.  The  bird  does  not 
flutter  his  neck- wings,  as  stated  by  this  author,  but  merely  erects 
them.  Audubon  has  not  attempted  to  represent  the  strutting  atti- 
tude of  these  birds,  but  has  figured  two  males  about  to  fight.  I 
will  say,  at  the  same  time,  that  both  his  and  Wilson's  accounts  of 
their  habits  are  very  entertaining.  The  cock  of  the  plains  {Tetrao 
urophasianus)  is  a  very  fine  example  of  a  pouched  grouse.  The 
rufled  grouse  {T.  umhellus)  is  a  smaller  species,  but  very  handsome, 
and  I  do  not  despair  of  seeing  them  alive  at  the  Zoological  Gardens. 
The  following  facts  relating  to  the  pinnated  grouse  are  extracted 
from  a  letter  communicated  by  Dr.  S.  L.  Mitchell,  of  New  York, 
to  Wilson's  "  American  Ornithology.''  Dr.  Mitchell's  observations 
were  made  in  that  peculiar  tract  known  as  the  Brushy  Plains  of 
Long  Island,  probably  for  time  immemorial  a  resort  of  this  bird. 
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He  found  tliem  inhabiting  chiefly  the  forest  range,  a  district  between 
forty  and  fifty  miles  in  length,  extending  from  Bethphage,  in 
Queen^s  County,  to  near  the  Court  House,  in  Suffolk.  The  breadth 
of  this  distnct  is  not  more  than  six  or  seven  miles.  The  situation 
is  so  retired,  that  the  game  laws  are  habitually  disregarded,  in- 
formers being  easily  silenced  by  bribes.  The  birds  are  assailed  on 
all  sides  almost  without  cessation,  and  their  scarcity  may  be  viewed 
as  foreboding  their  eventual  extermination. 

''  The  season  for  pairing  is  in  March,  and  the  breeding-time  is 
continued  through  April  and  May.  Then  the  male  grouse  dis- 
tinguishes himself  by  a  peculiar  sound.  When  he  uttei'S  it,  the 
parts  about  the  throat  are  sensibly  inflated  and  swelled.  It  may 
be  heard  on  a  still  morning  for  three  or  four  miles ;  some  say  they 
have  perceived  it  as  far  as  five  or  six.  This  noise  is  a  sort  of 
ventriloquism.  It  does  not  strike  the  ear  of  a  bystander  with 
much  force,  but  impresses  him  with  the  idea,  though  produced 
within  a  few  yards  of  him,  of  a  voice  a  mile  or  two  distant.  This 
note  is  highly  charajcteristic.  Though  very  peculiar,  it  is  termed 
tooting,  from  its  resemblance  to  the  blowing  of  a  conch  or  horn 
from  a  remote  quarter.  *  *  *  The  males'  places  of  assembly  are 
called  scratching  places.  Men  lying  concealed  near  these  places  of 
resort  have  been  known  to  discharge  several  guns  before  either  the 
report  of  the  explosions  or  the  sight  of  their  wounded  and  dead 
fellows  would  rouse  them  to  flight.^' 

Wilson  says  that  these  birds  inhabit  different  and  very  distant 
districts  of  North  America,'and  that  they  are  very  particular  in 
selecting  their  places  of  residence.  Open,  dry  plains,  thinly  inter- 
spersed with  trees,  or  partially  overgrown  with  shrub-oak,  are  their 
favourite  haunts.  They  have  a  dislike  of  ponds,  marshes,  or  watery 
places,  which  they  avoid,  and  never  drink  from  them :  a  hen  in 
confinement  was  observed  even  to  avoid  that  part  of  her  cage  in 
which  the  water  was  placed,  but  she  picked  it  eagerly,  drop  by  • 
drop,  from  the  bars,  when  it  was  allowed  to  trickle  down  them. 

''  The  three  notes  are  of  the  same  tone,  resembling  those  pro- 
duced by  the  night-hawks  in  their  rapid  descent  j  each  strongly 
accented,  the  last  being  twice  as  long  as  the  others.  When  several 
are  thus  engaged,  the  ear  is  unable  to  distinguish  the  regularity  of 
these  triple  notes,  there  being,  at  such  times,  one  continued  hum- 
ming, which  is  disagreeable  and  perplexing,  from  the  impossibility 
of  ascertaining  from  what  distance,  or  even  quarter,  it  proceeds. 
While  uttering  this,  the  bird  exhibits  all  the  ostentatious  gesticu- 
lations of  a  turkey-cock-— erecting  and  fluttering  his  neck  wings^ 
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wheeling  and  passing  before  the  female^  and  close  before  his  fellows, 
as  in  defiance.  Now  and  then  are  heard  some  rapid  cackling  notes, 
not  onlike  that  of  a  person  tickled  to  excessive  langhter ;  and^  in 
short,  one  can  scarcely  listen  to  them  withoat  feeling  disposed  to 
langh  from  sympathy.  These  are  uttered  by  the  males  while  engaged 
in  fight,  on  which  occasion  they  leap  up  against  each  other,  exactly 
in  the  manner  of  turkeys,  seemingly  with  more  malice  than  efiect. 
This  humming  continues  from  a  little  before  daybreak  to  eight 
or  nine  o^clock  in  the  morning,  when  the  parties  separate  to  seek 
for  food.^' 

Birds  of  the  grouse  tribe,  however,  do  not  standalone  in  the  pos- 
session of  these  curious  air-bags,  as  they  are  a  well-known  feature  of 
some  species  of  bustard.  The  common  bustard  {Otis  tarda),  formerly 
found  wild  in  this  country,  is  an  example,  and  its  very  singular  aspect 
during  display  has  been  portrayed  by  Mr.  Joseph  Wolf,  in  his  '^  Zoo- 
logical Sketches.^'  The  large  Australian  bustard  (0.  Australasiambs)  is 
equally  remarkable.  The  Zoological  Society  are  fortunate  enough 
to  possess  examples  of  this  bird;  and,  for  the  last  three  or  four 
years  an  adult  male  may  have  been  seen  putting  on  an  appearance 
which,  I  should  think,  few  other  birds  would  envy.  This  great 
change  in  the  outlines  of  the  male  takes  place  in  the  spring,  and 
continues  to  the  early  summer  time ;  and  what  a  change !  From 
his  breast  hangs  loosely  a  large  pouch  covered  with  whitish  feathers, 
and  so  long,  that  it  reaches  the  ground ;  the  tail  appears  to  lie  on 
the  back,  and  is  just  long  enough  to  touch  the  neck :  the  feathers 
of  the  tail  are  not  spread,  and  this  is  somewhat  remarkable.  The  skin 
of  the  throat  seems  to  be  distended  with  air,  the  white  feathers  in 
that  part  all  standing  on  end,  the  head  and  neck  appear  very  stiff, 
the  bill  pointing  upwards,  and  giving  the  bird  a  haughty  aspect ; 
the  very  large  pouch  swings  to  and  fro  with  every  action  of  the 
bird,  and  his  movements  are  greatly  impeded  by  it.  The  call  note 
is,  I  am  afraid,  indescribable ;  yet  I  will  endeavour  to  convey  some 
idea  of  it  to  the  reader.  The  head  is  lowered  for  a  moment,  the 
bill  is  then  opened  and  closed  with  great  violence,  and  this  causes 
a  loud  yop  to  be  heard;  the  head  is  then  raised,  and  a  curious 
vibrating  sound  is  produced,  during  which  the  whole  body  is  seen 
to  quiver. 

The  figure  of  the  black  grouse  [Tetrao  tetrix)  crowing,  is  copied 
from  a  drawing  by  Mr.  Wolf,  who  has  kindly  favoured  me  with  the 
following  account  of  his  own  observations  while  at  Odenwald  in 
Germany — *'  These  birds  select  open  spaces  in  their  native  woods, 
where  they  arrive  at  dawn  of  day.  The  males  commence  by  a  sort  of 
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hoarse  crow ;  thej  also  ntter  a  mach  longer  eroimg  note  wliich 
could  be  heard  for  a  mile  or  so  when  all  else  is  qniet.  In  the  midst 
of  their  strutting,  a  male  will  suddenly  start  in  the  air  with  a  great 
fluttering  to  a  height  of  eight  or  ten  feet,  and  descend  almost  to 
the  same  spot.  Of  course  there  is  sure  to  be  a  fight  if  two  riTal 
males  approach  each  other.  The  peculiar  call-note  of  the  hens  is 
cuek,  Click,  cuck,  which  may  be  heard  in  the  surrounding  woods,  and 
th^y  wiU  also^  sometimes,  come  to  the  open.  The  strutting,  pro- 
bably, does  not  last  after  sunrise  as  the  birds  then  retire  into  the 
woods.  The  combs  over  the  eyes  are  of  a  very  bright-red  colour, 
full  and  round,  like  strawberries  (not  flat,  as  in  the  dead  bird),  form- 
ing a  very  conspicuous  feature  when  the  sun  is  shining,  with  green 
grass,  or  heather,  for  a  background/'  Mr.  Wolf  also  saw  the 
capercailzie  {Tetrao  urogalliis)  to  advantage  when  performing  on  a 
tree  on  which  he  had  been  roosting.  This  bird  also  begins  at  dawn 
of  day  with  a  kind  of  double  click,  which  resembles  the  sound  pro- 
duced by  striking  two  hard  pieces  of  wood  together ;  these  sounds  are 
gradually  increased  in  number,  and  become  quicker  in  succession, 
till  at  last  they  culminate  in  a  hissing.  Whilst  he  utters  this  last 
sound  his  neck  is  stretched  out  straight  to  its  full  length,  the  wings 
are  drooped,  and  the  tail  is  erected  and  spread ;  the  head  is  seen  to 
vibrate  violently,  and  the  bird  at  that  moment  seems  neither  to  see 
nor  to  hear ;  for  even  if  fired  at,  at  that  moment,  and  missed,  it  is  well 
known  he  does  not  seem  to  be  aware  of  the  fact.  The  vibration  is 
so  strong  that,  according  to  Mr.  Lloyd,  it  is  communicated  even 
down  to  the  trunk  of  a  large  tree  on  which  the  bird  stands.  This 
fine  grouse  possesses  a  sort  of  beard  formed  by  the  elongation  of 
the  throat-feathers,  and  these  are  thrown  forwards  during  display. 
On  hearing  the  call-note  the  hens  will  congregate  on  the  ground, 
they  also  possessing  a  call-note  rather  louder  than  that  of  the  grey 
hen ;  sometimes  one  will  alight  on  the  same  tree  with  the  male, 
these  being  more  arboreal  in  their  habits  than  the  black  grouse. 

A  portrait  of  the  bell-bird  {Chaamorhynchua  nudicollU),  in  a  very 
singular  attitude,  is  given  in  Plate  11.  This  bird  will  occasionally 
stop  in  the  midst  of  his  song  (if  such  it  maybe  called),  and  assume 
the  curiously  strained  position  represented,  remaining  for  two  or  three 
minutes  as  still  as  a  statue ;  suddenly  he  will  bend  his  head  down, 
moving  it  rapidly,  as  if  nodding  to  his  neighbours  in  the  next 
cage.  This  attitude  of  the  head  is  also  shown  in  the  Plate.  The 
bill  at  this  time  is  open,  and  a  very  low  gobbling  note  is  uttered. 
For  further  particulars  of  the  bell-birds  the  reader  is  referred  to  an 
article  in  No.   Ix.  of  the  "  Intellectual  Observer.'^     The  birds  of 
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paradise^  which  should  be  mcnlioned  here,  will  not  be  farther  alluded 
to  thau  by  stating  that  the  actions  of  the  two  individaals  which 
were  at  the  Zoological  Gardens*,  have  been  described  in  No.  viii. 
of  the  "  Intellectual  Observer/' 

In  the  pi*oceeding8  of  the  Zoological  Society  of  London,  Mr. 
A.  D.  Bartlett  gives  the  following  account  of  the  very  singular  antics 
of  the  kaga  {Rhinachetiis  jttbatus) ,  as  observed  by  him  :  '*  With  its 
crest  erect,  and  wings  spread  out,  the  kagu  runs  or  skips  about^ 
sometimes  pursuing  and  driving  before  hiux  all  the  birds  that  are 
confined  with  him  in  the  same  aviary — among  these  are  several 
blue  watei^hens  {Forphyrio) — evidently  enjoying  the  fun  of  seeing 
them  frightened;  at  other  times  he  will  seize  the  end  of  his  wing 
or  tail,  and  run  round,  holding  it  in  his  bill ;  from  a  piece  of  paper, 
or  dry  leaf,  he  derives  amusement  by  tossing  it  about  and  running 
after  it.  Daring  his  frolic  he  will  thrust  his  bill  into  the  ground,  and 
spread  out  his  wings,  kick  his  legs  in  the  air,  and  then  tumble 
about  £U3  if  in  a  fit.''  The  sun  bittern  {Eurypyga  helias)  is  another 
bird  whose  wings  are  expanded  during  play,  and  courtship  also, 
no  doubt,  and  most  charming  are  the  contrasts  of  colours  on  the 
flight  feathers ;  indeed,  during  flight,  the  creature  looks  like  a  very 
large  and  gaily  painted  moth. 

But  by  far  the  most  notable  example  of  wing  ornamentation  is 
seen  in  the  argas  pheasant  {Argus  giganteus),  whose  lovely  blended 
tints  and  intricate  markings  seem  to  set  faithfal  description  and 
imitation  at  defiance.  I  wish  to  call  attention  to  one  or  two  carious 
facts  relating  to  this  bird.  The  large  oval  spots  so  conspicuous  on 
the  secondary  quill  feathers  which  have  hitherto  always  been  con- 
sidered to  resemble  eyes,  and  from  which  the  bird  derived  its  name, 
if  attentively  studied,  will  be  seen  not  to  resemble  eyes  at  all,  but 
appear,  at  a  little  distance,  like  rows  of  convex  and  highly-poliahed 
pebbles,  set  in  the  web  of  each  feather.  The  stone  which  they 
resemble  most  nearly,  as  far  as  I  can  ascertain,  is  the  cat's-eye, 
which  comes  to  us  from  India,  and  the  general  effect  of  the  whole 
design  would  strongly  remind  an  architect  of  an  embellishment 
kuown  as  the  egg  and  dart  in  classic  architecture.  The  oval  spots 
present  exactly  the  appearance  of  having  been  painted  with  con- 
summate skill  by  an  artist  whose  perfect  knowledge  of  the  laws  of 
light  and  shade  enabled  him  so  to  deceive  the  eyes  as  to  cause  a 
flat  surface  to  appear  convex.  An  artist  will  generally  arrange  the 
lights  and  shades  of  his  work  on  the  very  correct  supposition  that 
the  chief  light  proceeds  from  above,  especially  in  out  of  doors  sub- 
jects ;  and,  marvellous  to  relate,  this  rule  has  been  rigidly  adhered 
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to  by  Nature  in  tlie  painting  of  the  spots  on  these  feathers^  and  in 
them  we  find  an  index  pointing,  as  it  were,  to  the  position  in  which 
the  wings  are  placed,  when  displayed  by  the  bird.  And  what  is 
that  position  ?  To  a  certainty  the  wings  are  widely  expanded,  and 
it  is  almost  as  certain  that  they  are  erected  and  placed  much  in  the 
same  position  with  regard  to  the  bird's  body  as  the  peacock's 
train ;  for  in  this  way  only  would  the  light  appear  to  fall  truly  on 
the  apparently  raised  spots.  Then,  indeed,  would  the  appearance 
of  convexity  be  perfect,  for  the  lights  and  shades  of  these  large 
spots  are  slightly  varied  on  each  succeeding  feather;  and  this  is 
necessary,  so  to  speak,  as  some  few  of  the  secondary  quills  are 
placed  in  a  line  with  the  direction  of  the  light,  while  others  are 
almost  at  right  angles  to  it.  Strange  and  mysterious  does  it  seem 
that  such  a  superabundance  of  the  most  beaufciful  ornamentation 
that  can  be  imagined  should  grow  out  of  the  flesh  of  a  poor  bird, 
and  be  renewed  annually,  for  the  sole  purpose  of  fascinating  his 
lady  love.  And  here  the  question  arises  as  to  the  capacity  of  the 
female  for  appreciating  all  this.  It  is,  indeed,  very  difficult  to 
believe  that  these  birds  can  fully  appreciate  such  perfect  beauty  as 
they  are  gifted  with ;  for,  even  amongst  mankind,  the  possession 
of  a  refined  taste  for  the  beautiful  is  a  characteristic  mark  of  the 
highest  civilization. 

How  very  remarkable  is  the  fact  that  in  birds  of  the  ostrich 
tribe  it  is  the  males  who  hatch  the  eggs  and  rear  the  young !  The 
females  assuming  the  airs  so  characteristic  of  the  males  in  all  other 
known  families.  A  fine  female  cassowary  {Gdsuarius  casoar)  at  the 
Zoological  Gardens  exhibits  a  most  pugnacious  disposition  at 
breeding  time,  the  beautiful  colours  of  the  naked  skin  of  the  head 
and  neck  being  then  very  brilliant.  The  two  wattles  are  much 
larger  than  those  of  her  partner  at  this  time,  and  on  the  least 
excitement  the  splendidly-coloured  skin  of  the  neck  is  extended 
downwards,  and  also  considerably  pufied  out.  Woe  betide  the 
luckless  individual  who  comes  within  reach  of  the  terribly-powerful 
inner-toe  spurs  of  this  enraged  female  I 

Courtship  being  a  very  potent  cause  of  wai*  in  the  animal 
creation,  the  following  account  of  a  great  battle  wiU  not  be  con- 
sidered out  of  place  here.  It  is  extracted  from  "  Land  and  Water '' 
of  Dec.  1,  1866:— 

''  In  an  Australian  newspaper,  the  '  Menaro  Mercury,'  a  detailed 
description  of  the  habits  of  the  lyre  bird  {Menura  superba)  is  fur* 
nished  by  a  correspondent,  who  is  evidently  very  familiar  with  the 
bird.      Mr.  Gould,  however,   in  his   ^Handbook  of  the  Birds  of 
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Australia/  has  given  a  nearly  similar  account^  only  that  the  follow- 
ing observation  appears  to  be  novel :  '  During  one  of  these  rambles/ 
remarks  the  writer,  '  I  beheld  a  sight  which,  to  me,  was  grand  in 
the  extreme.  In  working  my  way  through  the  tedious  scrub,  and 
being  upon  the  brow  of  a  hill,  making  my  way  to  camp,  I  heard  a 
din  in  the  valley  below  which  completely  astonished  me.  As  I 
neared  it,  the  noise  became  abominable,  and  I  wondered  what  it  all 
meant.  E^nowing  the  shyness  of  bush-scrub  animals,  I  sneaked 
nearer  the  scene  of  noise,  and  came  in  view  of  as  fine  a  sight  as  I 
have  witnessed  in  all  my  life.  About  as  near  as  I  could  guess,  a 
hundred  and  fifty  lyre-cocks  were  ranged  in  order  of  battle,  and 
fighting  with  indescribable  fury.  So  astonished  was  I,  that  I  forgot 
to  place  my  gun  on  full  cock,  and,  in  almost  a  second  of  time,  they 
took  alarm  and  disappeared,  leaving  me  greatly  disappointed/  *' 

Amongst  the  duck  tribe,  the  mandarine  {Aix  galericulata)  is  a 
pre-eminently  beautiful  species,  the  male  being  very  richly  adorned, 
and  possessing  what  may  be  termed  specialities,  the  most  remark- 
able of  which  are  two  very  broad  feathers  in  his  wings,  of  a  rich 
tawny  brown  colour,  edged  with  white,  black  and  glossy  purple. 
During  courtship  these  feathers  are  vertically  elevated  and  retained 
in  that  position  by  the  bird's  beak,  which  is  incessantly  applied  to 
them  with  a  very  peculiar  jerking  movement,  at  the  same  time 
uttering  a  note  which  has  a  remarkably  watery  sound.  Like  many 
of  its  congeners,  all  the  finery  of  the  male  of  this  species  is  lost 
when  the  breeding-time  is  over,  and  replaced,  for  a  few  months  only, 
by  the  sober  browns  and  greys  of  the  female.  These  birds  are  said 
to  be  regarded  by  the  Chinese  as  emblems  of  conjugal  fidehty,  being 
often  carried  about  in  their  marriage  processions. 

Thus  much  on  this  most  fascinating  subject,  for  such  it  is, 
although  it  has  been  strangely  neglected  by  naturalists.  There  are 
yet  numbers  of  highly-decorated  birds  whose  modes  of  display  have 
never  yet  been  observed  by  human  eyes  ;  these  remain  as  pleasurable 
objects  to  hope  for  and  to  observe  when  the  opportunity  occurs. 

Coloured  Plate. — The  pinnated  grouse  (Tetrao  cupido),  show- 
ing in  the  distance  a  male  having  the  neck- plumes  pendant. 

Plate  II. — Male  birds  during  courtship,  a,  Honduras  turkey, 
Meleagris  ocellata;  h,  Peacock  pheasant,  Polyplectron  chinquis  ; 
c,  Impeyan  pheasant,  Lophophorus  impeyanus ;  d,  Japanese  phea- 
sant, Fhasianiis  versicolor;  e,  Australian  bustard,  Otis  AiLstraU 
asianus ;  /,  Bell  bird,  Chasmorhynchus  nudicollis ;  g.  Common 
partridge,  Perdix  cinerea;  h,  Golden  pheasant,  Thaumalea  picta; 
i,  Black  grouse,  Tetrao  tetrix. 
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THE  CACTUS  FAMILY:  CACTACEiB. 

BY  JOHN    E.   JACKSON,   A.L.S., 
Curator  of  the  Museums  of  Economic  Botany,  Kew. 

WITH    DIRECTIONS     FOB    THEIB     CULTIVATION 

BT  3,  OBOirCHXB. 

{WitAaFlaie). 

The  Natural  Order  Cactacesd  is  a  group  of  plants  about  which  others 
than  botanists  or  even  horticulturists  have  some  knowledge,  for  many 
of  its  members  are  well-known  window  plants,  and  the  comparative 
rarity  and  beauty  of  their  flowers  cause  them  to  be  general 
favourites.  The  fact  of  plants  of  this  order  being  not  nnfrequently 
seen  as  parlour  plants  takes  away  in  some  degree  the  wonder  their 
peculiar  forms  would  otherwise  create.  Nevertheless  when  seen 
together  in  a  mass,  as  they  are  in  the  Cactus  house  in  the  Royal 
Gardens,  Kew,  their  singular  appearance  never  fails  to  arouse  an 
interest  mingled  with  surprise. 

The  variability  of  their  forms,  tho  showiness  of  their  flowers,  and 
the  general  absence  of  leaves,  are  all  points  noted  by  the  general 
observer,  but  many  of  the  small  growing  species,  which  might  per- 
chance be  looked  over  in  a  collection  like  that  at  Kew,  oSer  points 
of  interest  to  the  lover  of  nature  as  well  as  to  the  microscopist.  1'he 
order  essentially  belongs  to  South  America,  from  whence  many  of  the 
species  have  been  transported  into  various  parts  of  the  globe,  one 
species  of  Rhipsalis,  however,  appears  to  be  indigenous  to  Africa 
and  Ceylon,  and  one  to  the  Mauritius. 

The  order  numbers,  according  to  the  latest- revision,  thirteen 
genera  and  about  950  species.  They  consist  of  fleshy  or  succulent 
plants  of  all  sizes,  some  growing  to  the  dimensions  of  small  trees  or 
shrubs ;  the  stems  are  usually  angular,  but  sometimes  flattened  or 
leafy.  Their  forms,  however,  are  most  variable,  asf  will  be  seen  by 
the  plate,  for  while  in  some — Cereus  giganteus  for  instance — the  stems 
grow  to  forty  or  fifty  feet  or  even  higher,  and  often  columnar  in 
form,  in  others  they  are  huge  masses  of  succulent  matter,  almost  or 
quite  spherical.  The  flowers  are  for  the  most  part  large  and  showy. 
The  sepals,  petals,  and  stamens  are  usually  indefinite,  the  two  former 
often  combining,  and  the  filaments  of  the  latter  long  and  thread- 
like, tipped  with  anthers  of  ovate  form.  The  fruits  are  fleshy,  some 
of  them  of  a  refreshing  sub-acid  flavour,  and  others  of  a  sweetish 
insipid  taste,  many  of  them  are  eaten  by  the  natives  in  the  countries 
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where  they  grow,  nevertheless  the  order  cannot  be  called  an  impor- 
tant one  in  an  economic  point  of  view. 

Id  an  order  nnmbering  so  many  species  as  this  does^  it  would  be 
impossible  eyen  to  enumerate  them  all^  nor  is  it  perhaps  necessary^ 
as  my  aim  in  this  article  is  merely  to  point  out  some  of  the  principal 
peculiarities,  and  points  of  interest  in  the  order,  leaving  those  of  my 
readers  whose  interest  has  been  aroused  by  a  perusal  of  this  paper 
to  follow  out  the  subject  more  minutely  by  an  examination  of  the 
plants  themselyes,  or  by  reference  to  more  elaborate  and  extended 
works. 

In  the  genns  Cereus  some  ofthe  largest  and  most  striking  forms 
of  the  order  occur,  as  well  as  the  largest  and  most  attractive  flowers. 
The  habits  of  the  species  vary  considerably,  some  growing  erect^ 
others  climbing  up  trees,  while  others  trail  along  the  ground,  the 
forms  of  their  trunks  are  also  very  variable,  for  while  some  are 
cylindrical,  or  perfectly  columnar,  others  are  angular,  and  others 
again  are  ribbed  or  furrowed.  In  the  young  state  the  stems  are 
fleshy,  but  as  they  get  old  many  of  them  harden  and  become 
woody.  '  • 

The  most  noble  of  all  the  species,  indeed  of  the  entire  family  in 
point  of  size,  is  the  Cereus  giganieus,  Engel.  This  plant  is|  com- 
monly found  forty  or  fifty  feet  high,  and  sometimes  even  to  a  height 
of  sixty  feet  with  a  diameter  of  two  or  more  feet  about  halfway  up, 
lessening  somewhat  towards  the  top  and  near  the  base.  Theso 
plants  are  frequently  unbranched  throughout  their  entire  height  > 
some,  however,  send  forth  branches  from  their  sides,  which  grow  at 
first  almost  at  right  angles,  but  afterwards  start  upwards,  parallel 
with  the  main  trunk,  and  maintain  nearly  the  same  thickness 
throughout.  The  stems  and  branches  are  deeply  farrowed  or  ribbed^ 
the  ribs  being  arranged  at  regular  intervals  from  each  other,  from 
the  base  to  the  top.  On  the  edge  of  these  ribs,  at  distances  of  about 
an  inch  apart,  are  small  tufts  of  a  yellowish  colour,  bearing  nume- 
rous short  spines,  amongst  which  are  five  or  six  longer  ones.  Theso 
plants  are  devoid  of  leaves,  like  most  of  the  other  Cacti,  and  begin 
to  flower  when  about  ten  or  twelve  feet  high.  The  flowers,  which 
are  of  a  light  cream  colour,  are  composed  of  numerous  petals,  and 
sepals,  and  measure  some  four  or  five  inches  long,  and  when  fully 
expanded  are  of  nearly  equal  diameter.  They  are  borne  in  profu- 
sion on  the  summit  of  the  stems  and  branches.  The  fruits — which 
are  about  three  inches  long,  of  a  green  colour  outwardly,  having  a 
scar  at  the  top  which  marks  the  position  of  the  fallen  flower  leaves — 
are  composed  of  a  mass  of  crimson  pulp^  in  which  are  imbedded 
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numerous  small  black  seeds.  They  are  known  by  the  Mexican  name 
of  Pitajaya  and  are  very  highly  valued  as  an  article  of  food  by  the 
natives  in  the  districts  where  they  grow.  Being  borne  at  the  tops 
of  the  stems  and  branches  they  are  out  of  the  reach  of  ordinary  fruit 
gatherers ;  the  natives,  however,  rise  to  the  occasion,  by  tying  at  the 
top  of  a  long  pole  two  pieces  of  stick  so  as  to  form  a  fork,  by  which 
means  the  fruits  are  brought  down,  and  are  afterwards  collected. 
They  are  eaten  either  raw  or  made  into  a  conserve,  which  is  said  to 
be  exceedingly  good,  large  quantities  of  molasses  and  syrups  are 
also  made  from  them,  and  kept  for  use  during  the  winter  season. 
Most  of  the  birds  and  animals  which  inhabit  the  regions  where  these 
plants  grow,  are  exceedingly  fond  of  the  fruits,  and  devour  them 
greedily  if  they  are  allowed  to  remain  upon  the  trees,  which  they 
seldom  do  long  after  getting  ripe,  for  they  soon  burst  open  into 
three  or  four  pieces  curving  backwards  so  as  to  expose  the  pulp  and 
seeds  to  the  action  of  the  light  and  air,  by  which  means  the  pulp 
is  dried  up,  and  the  seeds  are  scattered. 

These  plants  abound  in  the  hottest  and  almost  desert  regions 
of  New  Mexico,  rising  like  huge  "posts  amongst  the  rocks  and 
ravines,  and  actually  growing  in  mere  crevices  or  fissures,  where  it 
seems  next  to  impossible  for  any  vegetation  to  exist ;  in  some  parts 
indeed  the  country  is  almost  a  barren  wilderness,  so  that  these 
giant  Cacti  lend  to  the  view  a  most  singular  aspect.  "  As  far  as  the 
eye  can  reach  in  the  valleys,  or  on  the  mountains,  little  else  but 
rocky  boulders,  and  the  stately  yet  awfully  sombre  aspect  of  the 
Cereus  giganteus  can  be  seen.''  In  all  periods  of  their  growth  the 
plants  present  almost  an  equally  singular  appearance,  for  when 
young  their  form  is  nearly  globular,  becoming  as  they  get  older 
somewhat  club  shaped,  and  eventually  rising  to  the  heights  we  have 
mentioned.  As  the  plants  get  old  and  fall  into  decay  the  pulpy  or 
succulent  portion  to  a  certain  extent  dries  up,  the  woody  parts  split 
and  rend,  and  it  so  forms  a  curious  skeleton  of  what  was  even  in  its 
health  and  vigour  a  curious  tree.  Some  of  the  species  of  Cereus 
are  celebrated  for  their  splendid  flowers,  and  for  their  peculiar  habit 
of  flowering  at  night,  and  it  is  not  a  little  remarkable  that  these 
night-flowering  kinds  produce  the  most  magnificent  flowers  of  the 
whole  genus,  if  not  of  the  entire  family. 

Cereus  grandijlorus,  Haw.,  is  perhaps  one  of  the  best  known  of 
these  night-flowerers;  it  is  a  creeping  plant,  a  native  of  the  West 
Indies,  scrambling  over  rocks  or  decayed  trees ;  the  branches  are 
slightly  angular,  with  five  to  seven  angles.  The  flowers  are  very 
large  when  fully  expanded,  and  cup  shaped.     The  sepals  are  of  a 
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deep  yellow,  or  yellowish  orange  colour,  and  the  petals  pure  white, 
the  stamens  are  long  and  numerous,  tipped  with  linear  oblong 
anthers  of  a  bright  yellow  colour.  The  stigma  is  also  yellow,  com- 
posed of-many  rays  diverging  at  right  angles  from  the  style.  The 
flowers  are  very  fragrant,  opening  late  in  the  evening,  and  becoming 
fully  expanded  about  ten  or  eleven  o'clock ;  they  last  only  one  night, 
and  droop  very  early  in  the  morning. 

Prom  its  specific  name  of  grandiflorus,  one  would  be  led  to 
suppose  that  its  flowers  were  larger  and  more  splendid  than  those 
of  any  other  species;  this,  however,  is  not  the  case,  for  another 
night-flowerer,  0,  MacDonaldicei  though,  somewhat  similar  in 
the  colour  of  the  sepals,  and  identical  iu  the  pure  white  of  the 
petals,  produces  larger  flowers,  which,  when  fully  expanded  are  quite 
fourteen  inches  in  diameter.  This  species  is  a  very  free  flowerer. 
Its  habit  is  similar  to  that  of  Gereua  grandiflorus,  having  creeping 
dark  green  stems,  about  the  thickness  of  a  -  man's  finger,  but 
slightly  angular,  with  five  blunt,  irregularly-placed  angles.  It  grows 
very  rapidly,  throwing  out  its  long  straggling  branches  in  all 
directions.  A  fine  plant  exists  at  Kew,  which  flowers  freely  during 
the  early  summer  months.  The  next  plant  in  point  of  magnificence 
amongst  the  night-flowering  series  is  0.  triangularis,  this  species  is 
so  named  from  its  triangular  stems,  which  are  perhaps  slightly 
thicker  than  those  of  the  last-named  species,  but  the  plant  has  a 
similar  creeping  habit,  and  bears  very  large  yellowish  flowers.  A 
good  plant  of  this  species  is  also  amongst  the  Cacti  in  the  Boyal 
Gardens,  Kew. 

Oereus  Lemairei,  0.  pterogona,  C»  nycticalus,  and  G,  rostratus, 
are  all  night-flowerers,  indeed  the  whole  of  the  true  Cerei  open  in  the 
evening,  and  most  of  them  are  closed  by  about  eight  o'clock  in  the 
morning ;  the  temperature  of  the  house  in  which  they  are  grown, 
however,  exercises  a  great  influence  on  them ;  if  the  air  is  hot  and 
dry  the  flowers  last  but  eleven  to  fourteen  hours,  while  in  a  cooler 
atmosphere  they  will  last  twenty  hours. 

The  species  already  briefly  described,  have  been  examples  of  th& 
tall  or  columnar,  and  of  the  creeping  or  trailing  kinds.  Cereus 
Tweediei,  H.R.,  is  a  small  growing  plant,  cylindrical  in  form,  and 
furrowed  or  ribbed,  bearing  on  the  edges  of  the  ribs  numerous 
spines,  four  or  five  of  which  are  longer  and  stouter  than  the  rest. 
It  flowers  freely,  the  flowers  are  of  a  rich  orange  crimson  colour, 
and  these,  when  contrasted  with  the  dark  green  of  the  stem^ 
produce  such  a  pleasing  e£fect,  as  to  make  the  plant  one  of  the 
prettiest  of  the  family. 
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Oereus  cMterisis  (see  Plate^  Fig.  16)  is^  as  its  name  implies,  a 
native  of  Chili ;  it  is  an  erect  growing  plant,  very  evenly  furrowed 
or  ribbed,  the  ribs  not  sharply  angled  as  in  many  of  the 
species,  but  the  face  of  each  one  is  rounded,  and  the  spines  set 
on  with  the  greatest  uniformity,  the  longest,  thickest,  and  most 
prominent  starts  from  near  the  centre  of  the  mammillae  pointing 
downwards ;  in  a  direct  line  with  it  is  a  shorter  one  pointing 
upwards  ;  the  spaces  between  these  being  filled  on  each  side  with 
five  others  alternately  long  and  short,  two,  however,  being  longer 
than  the  other  three,  the  length  of  the  corresponding  spines  on 
either  side  are  equal. 

Under  the  generic  name  of  Pilocereus,  some  botanists  have 
separated  a  few  species  from  the  genus  Cereus;  the  differences, 
however,  are  of  so  little  importance,  as  to  be  considered  by  the 
most  recent  botanical  writers,  as  not  sufficient  to  constitute  a 
generic  character.  The  chief  differences  are  in  the  flowers  being 
smaller,  and  their  parts  not  so  numerous,  while  the  stamens  are 
connected  to  the  whole  surface  of  the  tube.  The  upper  portion  of 
the  plants,  also  are  covered  with  long  shaggy  or  woolly  hairs  or 
spines  ;  and  the  spines  themselves,  which  cover  the  lower  portion  of 
the  plants,  are  more  numerous,  and  are  also  longer  and  finer.  The 
species  are  natives  of  Mexico  and  tropical  America.  The  most 
characteristic  and  striking  in  appearance  is  the  Old  Man  Cactus. 
{Pilocereus  senilis)  (see  Plate,  Pig.  10),  which  attains  a  height  of 
from  twenty  to  thirty  feet,  with  a  diameter  of  nine  to  ten  inches. 
It  grows  perfectly  straight,  is  fluted  or  furrowed  by  narrow  channels 
from  the  base  to  the  very  top.  The  ridges  of  the  ribs  are  covered 
with  tufts  of  spines  placed  very  closely  together,  and  surrounded 
with  long  white  hairs ;  near  the  top  these  hairs  are  thicker  and 
longer,  indeed  they  hang  down  to  such  a  length,  as  almost  to  hide 
the  upper  portion  of  the  stem,  and  so  give  to  the  plant  a  really 
venerable  and  hoary  aspect;  it  is  owing  to  this  appearance  that  the 
plant  has  received  the  conmion  name  of  Old  Man  Cactus,  as  well  as 
its  specific  name  senilis. 

Many  of  the  Cacti  are  noted  for  their  tenacity  of  life,  and  the 
following  instance  is  a  good  illustration  of  this  peculiarity.  A 
plant  of  P.  senilis,  which  was  growing  in  the  Cactus  house  at  Kew, 
and  which  actually  got  too  high  for  the  house,  waa  removed  to  the 
new  temperate  house ;  the  process  of  removing  such  a  bulk  of  fleshy 
matter  was,  as  might  be  expected,  no  easy  task,  especially  when  we 
consider  the  extreme  sharpness  of  the  multitudinous  spines,  so  the 
plant  got  slightly  fractured  across  its  trunk,  within  eighteen  inches 
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or  two  feet  of  the  top.  After  remaining  a  short  time  in  its  new 
home^  it  showed  signs  of  dyings  and  in  fact^  continued  to  blacken 
rapidly  from  the  base  upwards ;  it  was  sent  to  me  to  add  to  my 
museum  specimens^  and  I  had  it  placed  in  a  dry  brick  building. 
The  stem  which  had  for  the  most  part  decomposed  and  turned 
blacky  continued  to  do  so  till  it  had  reached  the  fracture^  from 
which  the  upper  part  instead  of  mortifying  as  its  lower  extremities 
had  done,  not  only  retained  its  bright  green  colour,  but  even  took 
a  still  brighter  green  at  the  apex,  by  pushing  forth  a  new  growth. 
When  young,  the  stems  of  these  plants  are  very  fleshy,  and  appear 
outwardly  like  a  solid  mass  of  green  succulent  matter ;  as  the  stems 
get  older,  however,  an  immense  quantity  of  oxalate  of  lime  is 
formed  in  them,  so  much  indeed,  that  if  a  stem  is  dried  and  a 
section  made  across  it,  the  grains  fall  out  like  so  much  sand, 
leaving  only  the  outer  cuticle  with  the  spines  attached,  and  the  ring 
of  wood  which  is  formed  of  separate  wedge-shaped  masses,  and 
situated  at  about  an  equal  distance  between  the  centre  and  the 
circumference  of  the  stem.  This  was  the  case  with  the  lower  part 
of  the  specimen  just  mentioned,  while  the  upper  part  had  formed 
roots  of  its  own,  which  had  struck  down  into  the  decaying  vegeta- 
tion and  oxalate  of  lime,  and  so  made  a  fresh  start  in  life.  Other 
species  of  Pilocereus  are  shown  at  Figs.  9  and  II. 

Echinocereus  is  another  genus  which  is  so  closely  allied  to 
Cereus  as  to  be  by  some  authors  united  with  it.  Between  twenty 
and  thirty  species  are  enumerated,  the  plants  of  which  are  all  small, 
about  a  foot  or  so  in  height,  with  either  simple  or  branched  stems, 
some  of  which  are  divided  into  numerous  ribs  or  ridges,  while 
others  have  few,  some  only  four  ;  these  ridges  are  very  strongly 
anned  with  sharp  spines.  The  tube  of  the  flowers,  unlike  most  of 
the  other  Cerei,  is  very  short.  The  fruits  of  some  of  the  species 
are  eaten  by  the  natives  of  Mexico  and  Texas,  where  they  grow, 
and  they  are  said  to  have  a  flavour  somewhat  resembling  that  of  a 
gooseberry.  The  fleshy  part  of  t|;ie  stems  of  some  of  the  species 
is  also  said  to  be  eaten  and  highly  commended  as  a  vegetable  ;  the 
spines,  however,  have  first  to  be  very  carefully  removed. 

The  genus  Echinopsis  numbers  between  twenty  and  thirty 
species,  all  natives  of  Chili,  Bolivia,  Mexico,  Brazil,  and  Texas ;  they 
were  formerly  included  in  the  genus  Echinocactus,  but  from  the 
position  of  the  flowers  being  at  the  side  of  the  stem,  and  not  at  the 
top  as  in  the  latter  genus,  together  with  some  minor  botanical 
characters,  modern  authors  have  placed  them  with  the  Cerei. 

Echinopsis  multiplex  will  serve  as  a  representative  of  the  genus. 
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It  is  a  plant  of  nearly  globular  form,  with  sharp  angled  parallel 
ribs,  and  groups  of  spines  arranged  along  these  angles ;  there  are 
from  ten  to  twelve  spines  in  each  group,  the  central  one  thicker  and 
longer  than  the  rest.  The  flowers  are  very  large  in  proportion 
to  the  size  of  the  plant,  for  while  the  stem  may  be  not  more  than 
six  or  eight  inches  high  and  five  inches  broad,  the  flower  itself  is 
often  as  high  as  the  plant,  and  its  diameter  as  great  as  its  length. 
The  colour  is  a  rose  pink  inclining  to  a  deeper  tint  near  the  apex  of 
the  petals. 

Two  other  species  of  Echinopsis,  E,  formosa,  and  E,  Pfersdorffii, 
are  shown  in  the  Plate  at  Figs.  1  and  27,  and  Pig.  3. 

Bchinocactus  is  a  genus  of  some  interest,  not  only  on  account  of 
the  large  and  showy  flowers  of  its  various  species,  but  also  on 
account  of  the  grotesque  and  usually  globular  form  of  the  plants 
themselves,  the  stems  of  some,  however,  are  cylindrical,  and  others 
are  of  an  oblong  shape,  but  all  are  more  or  less  deeply  ribbed, 
some  of  the  ribs  being  broad  with  round  edges,  and  others  acute 
with  sharp  edges,  upon  which  tubercular  swellings  are  frequently 
formed,  and  in  some  species  are  very  largely  developed,  most  of 
them  bearing  sharp  and  very  stiflf  spines  arranged  in  uniform 
clusters,  and  often  surrounded  at  their  bases  by  little  woolly  tufts. 
The  head  quarters  of  the  Echinocacti,  like  the  bulk  of  the  whole 
order,  is  in  Mexico,  more  than  half  of  them  being  found  in  that 
country,  and  the  rest  in  diflferent  parts  of  South  America;  they  love 
hot  and  stony  localities  where  they  get  little  rain,  and  are  exposed 
to,  the  full  effects  of  the  sun.  They  bear  large  and  showy  flowers, 
composed  of  several  rows  of  floral  leaves,  the  lower  or  outer  sepals 
having  a  simple  scale-like  appearance,  and  the  upper  ones  appearing 
by  an  almost  imperceptible  transition  to  pass  into  petals.  The 
inner  petals  are  more  spread  out  or  radiating,  and  the  stamens  are 
shorter  than  the  petals,  are  indefinite  and  are  united  to  the  tube  of 
the  calyx.  The  stigmas  are  five  to  ten  in  number,  and  radiate  from 
the  top  of  a  column-like  style.  The  flowers  are  produced  at,  or 
near  the  top  of  the  plant  springing  from  the  upper  side  of  the 
younger  bundles  of  spines.  The  fruits  are  mostly  prickly.  Per- 
haps the  largest  and  most  interesting  species  is  E»  helophorus  {E, 
visnaga  of  some  authors),  see  Plate,  Fig  20.  It  has  numerous  close, 
sharp,  parallel  ridges,  with  clusters  of  spines  arranged  along  their 
edges  at  short  distances  from  each  other  ;  so  numerous  are  these 
spines  that  a  comparatively  small  plant  in  the  Cactus  house  of  the 
Royal  (hardens,  Kew,  some  time  back,  was  computed  to  have  upon 
it  not  less  than  17,600,  while  a  larger  specimen  in  the  same  house 
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had  as  many  as  51,000.  These  spines  are  very  long,  sharp,  and 
stiff,  and  are  constantly  used  by  the  natives  for  tooth-picks,  and  are 
said  to  be  very  durable.  Probably  the  largest  plant  of  this  species 
ever  introduced  to  this  country  was  one  received  at  Kew  some 
years  ago,  it  weighed  one  ton,  and  was  nine  feet  in  height  by  three 
in  diameter.  This  plant,  however,  did  not  live  long  after  its  intro- 
duction. 

Echinocactits  cornigerus  (Fig.  6)  has  a  very  singular  appearance, 
being  almost  entirely  encased  in  spines.  The  central  one  of  each 
group  is  very  broad,  flattened  and  deflexed,  and  is  very  strong. 
Other  species — as  E.  eledr acanthus,  E.  PJiefferi,  and  E.  omatus, 
are  shown  in  the  Plate  at  Figs.  4,  13,  21,  and  23. 

Melocactus  is  a  genus  numbering  about  30  species,  growing  in 
Mexico,  Brazil,  New  Grenada,  and  the  West  Indies.  The  species 
are  mostly  globular  with  more  or  less  prominent  ribs,  the  edges  of 
which  are  densely  clothed  with  long,  stiff  spines,  each  tuft  being 
placed  at  very  regular  distances,  the  small  flowers  are  buried  in  a 
mass  of  woolly  hairs,  and  fine  spines,  and  are  arranged  in  a  cylin- 
drical or  hemispherical  head  at  the  top  of  the  plant.  The  Turk's 
Cap  Cactus  {Melocactus  communis,  Pig.  8)  is  a  well-known  species, 
being  frequently  seen  in  cultivation  in  this  country.  It  covers 
large  tracts  of  land  in  South  America  and  the  West  Indies,  seldom 
growing  more  than  two  feet  high.  Owing  to  the  arid  nature  of  the 
districts  in  which  the  plants  grow,  it  is  said  that  the  mules,  after 
removing  the  spines  with  their  feet,  suck  the  juice  or  water  which 
the  plants  contain,  for  the  purpose  of  quenching  their  thirst. 

The  common  name  of  Turk's  Cap  Cactus,  is  derived  from  the 
resemblance  to  a  Turk's  Cap  of  the  red  coloured  cylindrical  flower- 
ing portion. 

The  genus  Mammillaria  is  not  only  a  very  large  and  interesting 
one,  but  it  also  contains  a  great  variety  of  forms,  as  will  be  seen  by 
reference  to  the  Plate.  The  genus  derives  its  name  from  the  fleshy 
tubercles  or  mammillaa  which  cover  the  whole  stem,  and  which  are 
arranged  in  a  spiral  form,  varying,  however,  considerably  in  size 
in  the  different  species.  It  is  from  the  presence  of  these  mammillae, 
that  the  members  of  their  genus  are  readily  known  from  their  allies. 
The  flowers,  which  are  of  different  colours  in  the  several  species, 
some  rose-colour,  others  white,  and  others  yellow,  are  borne  near 
the  tops  of  the  plants,  and  are  arranged  in  a  transverse  zone,  each 
flower  being  sessile  at  the  base  of  the  mammaa. 

Unlike  those  of  many  of  the  Oerei,  they  open  in  the  day  and  close 
at  night.     The   fruits   are  obovate  and  berry-like,  and  contain  a 
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number  of  small  seeds.  The  species  abound  in  Mexico,  but  some 
are  found  in  Southern  California,  Texas,  and  Missotiri,  on  the  north ; 
Guatemala,  on  the  south,  and  even  down  to  Buenos  Ayres  and  Chili* 

The  plants  are  usually  small,  but  the  forms  which  they  assume 
are  most  varied ;  some  appear  to  be  composed  simply  of  a  series  of 
small,  green,  fleshy  mammillse,  each  having  almost  the  appearance  of 
an  individual  plant,  and  each  being  crowned  with  a  tuft  of  spines ; 
others  again  appear  like  squat  masses  of  vegetable  matter,  rising 
but  a  few  inches  high,  composed  of  numerous  mammillae  covered 
with  small  star-like  spines,  most  beautifully  and  uniformly  arranged. 
jjf.  pusilla  (Pig.  2),  is  one  of  this  description,  and  a  prettier  littlo 
plant  it  is  diflBcult  to  find,  both  by  reason  of  the  beautiful  and 
delicate  arrangement  of  the  spines,  the  yellow  and  rose-coloured 
flowers,  and  the  small  bright  crimson  berry-like  fruits,  which  suc- 
ceed them.  M.  densa  (Fig.  22)  is  another  of  similar  character,  the 
mammsB  are,  however,  rather  larger,  while  in  M.  elephaniidens 
they  are  larger  still,  and  are  partially  divided  longitudinally  by  a 
deep  depression,  the  apices  are  crowned  with  six  or  seven  radiating 
spines.  Many  other  species  having  a  similar  spreading  habit,  are 
equally  interesting  and  beautiful,  but  space  will  not  allow  me  to 
mention  them. 

Perhaps  the  tallest  species  of  the  whole  group  is  M,  coronaria, 
which  is  one  of  the  cylindrical  growing  forms,  and  though  in  col- 
lections we  seldom  see  it  more  than  twelve  inches  high,  it  is  said  to 
attain  a  height  of  five  feet ;  it  has  crimson  coloured  flowers  and  the 
spines  are  very  uniformly  arranged  on  the  mamillae,  being  seated  in 
little  tufts  of  white  woolly  hairs.  M.  crueigera  (Fig  14)  is  a  very  pretty 
plant,  having  at  the  tips  of  its  mammillae  four  radiating  spines 
springing  from  a  white  wool-like  cushion.  M,  ParJcinsoni  (Fig  18) 
is  another  of  the  cylindrical  forms,  having  long  sharp  white  spines 
tipped  with  a  reddish  brown  tinge.  In  M.  dolichccentra  (Fig  26) 
the  mammillae  are  long'  and  distinct,  capped  with  four  long  white 
spines,  not  radiating  as  in  most  of  the  species,  but  pointing  outwards 
almost  in  a  direct  line  with  the  mammillae.  M.  acanthophlegma  is  a 
most  beautiful  little  plant,  the  mammillae  are  small  and  somewhat 
pointed  at  the  apex,  which  is  crowned  with  a  delicate  series  of  star- 
shaped  hairs  surrounding  the  small  spines.  Other  species  of 
Mammillaria  are  shown  in  the  Plate,  to  which  I  must  refer  my  readers, 
as,  before  closing  this  article,  a  few  words  must  be  said  about  the 
Opuntias,  which  genus  in  an  economic  point  of  view  is  certainly  the 
most  valuable  of  the  entire  family,  for  it  is  from  one  or  more  speciea 
of  Opuntia  that  the  cochineal  insect  derives  its  food. 
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Abont  150  species  have  been  described^  but  it  will-  be  utterly 
impossible  to  mention  even  a  tithe  of  them.  The  fruits  of  many  are 
eaten  under  the  name  of  prickly  pears^  and  may  sometimes  be  seen 
exposed  for  sale  in  the  streets  of  London^  some  are  mucilaginous^ 
and  very  insipid,  while  others  have  a  refreshing  and  agreeable 
flavour.  They  are  more  or  less  egg-shaped  or  pear-shaped,  are 
covered  with  tufts  of  small  prickles  or  spines,  and  at  their  apex  bear 
a  large  scar  denoting  the  position  of  the  fallen  flower  leaves.  They 
consist  of  a  fleshy  pulp  enclosing  numerous  small  seeds. 

The  species  abound  chiefly  in  Mexico,  California,  Brazil,  Peru, 
and  Chili,  a  few  being  also  found  in  the  West  Indies,  and  some 
have  become  naturalized  in  various  parts  of  Southern  Europe.    The 
plants,  which  are  mostly  fleshy,  becoming  woody  as  they  get  old, 
are  either  erect  or  decumbent ;  the  stems  and  branches  are  frequently 
jointed,  and  mostly  flattened;  some,  however,  have unjointed,  cylin- 
drical stems ;  they  seldom  grow  to  a  greater  height  than  ten  or 
twelve  feet.    Opuntia  tuna,  is  perhaps  the  tallest  growing  of  all  the 
species,  attaining  sometimes  the  height  of  twenty  feet  and  forming 
a  woody  stem  with  jointed  branches ;  the  spines  are  long  and  stiff, 
and  are  arranged  at  distant  intervals  in  bundles  of  from  four  to  six 
each,  the  flowers  are  of  a  reddish-orange  colour,  and  are  composed 
of  numerous  sepals  and  petals,  gradually  passing  one  into  another 
and  so  undistinguishable.     The  native  habitat  of  this  species  extends 
from  Mexico  to  Quito,  but  it  is  also  found  in  the  West  Indies,  and 
has  long  been  naturalized  in  Southern  Europe,  Northern  Africa,  and 
Madeira.     It  is  one  of  the  species  extensively  cultivated  in  Mexico 
for  rearing  the  cochineal  insect.     The  fruits  are  edible,  and  when 
ripe  they*  contain  an  abundance  of  sweet  juice  of  a  rich  carmine 
colour  which  is  used  in  Naples  for  water-colour  drawings.     In  the 
West  Indies  it  is  used  to  colour  confectionery,  and  in  Mexico  a 
favourite  beverage  is  made  from  it.      It  is  from  this  rich  coloured 
juice    with   which   the    plants    abound  that  the   cochineal   insect 
derives  its  commercial  value. 

Opuntia  cocinellifera — so  called  from  its  being  a  cochineal-bear- 
ing  species — ^is  largely  cultivated  for  this  purpose,  it  is,  however,, 
now  separated  from  Opuntia,  and  placed  in  the  small  genus  Nopalea. 
Whole  plantations  of  these  Cacti  exist  in  Mexico,  New  Grenada,  and 
the  Canary  Islands ;  the  bulk  of  our  imports,  which  amount  to  over 
2,000  tons  annually,  and  which  realise  a  price  of  about  £400  per 
ton,  being  obtained  from  the  two  last-named  countries.  In  the 
cochineal  plantations,  which  are  called  Nopaleries ;  the  plants  are 
grown  in  rows,  and  are  not  allowed  to  attain  more  than  four  feet  in 
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height.  The  insect  which  feeds  upon  these  Cacti^  and  of  which 
countless  millions  are  collected  and  imported  into  this  country  e very- 
year^  is  known  to  entomologists  as  the  Goccus  cacti,  of  Linnaeus. 
The  female  insects  are  placed  upon  the  plants  usually  about  the 
month  of  August,  this  operation  being  called  sowing;  they  breed 
very  rapidly,  and  the  young  insects  grow  so  fast  that  in  about  four 
months  the  cochineal  harvest  commences  j  this  is  effected  by  brush- 
ing the  insects  off  the  plant  into  a  vessel,  they  are  afterwards 
killed  by  immersing  them  in  boiling  water,  or  exposing  them  in 
heaps  to  the  sun,  and  when  dry  they  are  ready  for  exportation.  Many 
qualities  are  known  in  commerce,  and  it  seems  that  the  market 
value  is  much  affected  by  proper  care  in  the  process  of  .killing  and 
drying.  The  uses  of  cochineal,  and  its  importance  in  the  arts  and 
manufactures,  are  well  known.  Plants,  with  the  insects  upon  them, 
are  to  be  seen  in  the  Cactus  house  at  Kow. 

As  I  have  before  said,  the  general  habit  of  the  stems  of  the 
Opuntias  is  jointed,  without  any  apparent  centre  of  growth,  but  in 
0.  hrasiliensis  we  get  the  truly  arborescent  character — a  cylindrical 
stem  with  regular  branches.  In  the  old  branches  and  stems  of 
some  of  the  species,  as  0.  tuna,  a  large  quantity  of  net-like  woody 
tissue  is  formed,  which  has  been  made  into  various  ornamental 
articles,  as  flower-baskets,  vases,  and  trays,  etc.,  a  collection  of 
which  is  in  the  museum  at  Kew.  The  spines  of  the  Opuntias  are 
exceedingly  sharp,  some  of  them,  as  0.  spiiiosisdmv^s,  being 
minutely  barbed,  not  only  at  the  point  but  for  some  considerable 
distance  up  the  sides,  so  that  if  it  happens  to  penetrate  the  flesh  ever 
so  slightly,  it  requires  a  much  stronger  pull  to  free  it  than  would  be 
supposed.  Some  of  the  species  are  tolerably  hardy,  and  not  long 
since  Opuntia  rafineaquiana  was  advertised  as  a  new  garden  edging 
plant.  In  the  genera  Rhipsalis  and  Pereskia  we  have  plants  differing 
in  general  from  the  rest  of  the  Cacti,  in  the  former  the  plants  are 
small,  fleshy,  jointed,  and  leafless,  some  having  long  cylindrical 
stems  looking  like  mere  green  cords,  others  angular,  and  others 
leafy,  while  in  Pereskia  the  plants  have  leaves,  some  being  cylin- 
drical, and  others  broad,  flat,  and  veined.  The  remaining  genera  of 
the  order  are  chiefly  of  botanical  interest  alone,  and  I  must  therefore 
pass  them  over. 

I  have  been  compelled  in  the  foregoing  pages  to  be  as  brief  as 
possible  in  my  notice  of  these  interesting  plants,  and  have 
endeavoured  to  draw  especial  attention  only  to  the  most  interesting 
species.  The  extent  of  the  order  precludes  anything  like  a  full 
description  of  the  individuals  in  the  space  of  one  paper,  and,  more- 
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over,  I  thought  it  would  enliance  the  interest  of  this  article  to 
append  to  it  some  practical  hints  on  the  cultivation  of  Cacti,  wluch 
has  been  kindly  supplied  to  me  by  Mr.  Croucher,  the  foreman  in 
charge  of  the  extensive  collection  at  Kew.  I  am  also  indebted  to 
my  friend  Mr.  W.  Warwick  King,  an  excellent  amateur  photo- 
grapher, for  a  very  accurate  photograph  of  a  selected  group  of 
plants  in  the  Cactus  house  at  Kew,  taken  expressly  for  this  paper, 
and  from  which  the  plate  has  been  prepared. 


THE  CULTIVATION  OF  CACTI. 
BT  J.    CBOUCHEB. 

Cultivation  of  Cacti. — ^In  written  instruction  on  the  cultivation 
of  any  class  of  plants,  there  are  many  points  of  detail  one  can  scarcely 
put  into  words ;  which  points  must  be  learned  by  observation  in 
practice ;  but  the  general  conditions  of  success  may  be,  such  as 
composts,  temperature  of  house,  propagation,  time  and  mode  of 
potting,  etc.,  which  instructions,  if  well  followed  out,  will  be  sure 
to  lead  to  good  cultivation. 

The  majority  of  the  genera  are  sun-loving  subjects,  and  as 
'  a  consequence  the  first  thing  to  be .  taken  into  consideration, 
is  to  get  your  house  so  situated  as  to  ensure  the  greatest 
amount  of  direct  light,  the  best  aspect  will  be  due  south ;  a  lean-to 
house  is  the  best,  with  good  clear  glass,  to  which  the  plants  must  be 
as  near  as  possible;  the  genera  Epiphyllum  and  Rhipsalis,  are 
exceptions  to  this  rule,  and  prefer  a  little  shade  in  the  summer, 
as  they  mostly  grow  in  the  forests,  but  in  any  house  there  are  always 
some  parts  more  in  the  shade  than  others ;  the  plants  are  not 
damaged  by  the  sun  but  will  grow  more  luxuriantly  in 
the  shade.  It  is  not  easy  to  get  the  house  too  hot  for 
Cacti  in  the  summer,  but  they  will  thrive  well  in  a  temperature  of 
60°  to  80°  with  sun,  and  in  winter  the  majority  will  bear  a  minimum 
of  40°  with  dry  air ;  though  the  genera  Rhipsalis  and  Epiphyllum 
must  be  kept  at  55°  to  65°,  or  they  will  protest  by  looking  very 
yellow.  Most  of  these  plants  being  natives  of  those  parts  of  America 
lying  south  of  the  equator,  they,  as  a  consequence,  get  their  warmest 
season  when  we  get  our  coldest,  which  gives  them  a  tendency  to 
grow  during  our  winter ;  and  a  predilection  for  rotting  if  not  kept 
perfectly  dry.  As  above  stated,  the  whole  of  these  plants  being 
American,  they  should  not  be  repotted  in  early  spring,  as  is  the  com- 
mon practice ;  which  practice  seems  to  have  originated  from  the  fact 
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of  most  plants  starting  into  growth  on  or  about  that  time.  I  have  often 
thought,  that  if  amateurs  and  gardeners  were  to  think  more  on  this 
subject^  they  would  at  once  see  the  folly  of  supposing  that  all  countries 
had  their  spring  at  the  same  time  as  we  have  in  England  ;  it  matters 
little  with  most  persons  if  the  plants  come  from  East,  West,  North, 
or  South,  they  must  be  potted  in  our  spring;  and  as  the  plants  will 
not  grow  out  of  their  season,  the  soil  gets  stale,  and  when  the  roots 
do  begin  to  grow,  they  find  the  condition  unfavourable,  and  the 
result  is  stunted  growth,  and  sometimes  death;  not  through  a 
wrong  compost,  but  unseasonable  potting.  The  potting  of  Cacti 
should  be  left  until  June  or  July,  when  they  will  be  on  the  point  of 
starting  into  growth.  The  best  compost  is  loam,  with  silver  sand 
and  broken  bricks,  the  quantity  of  sand  must  be  regulated  by  the 
stiffness  or  otherwise  of  the  loam ;  the  object  being  to  make  the 
whole  sufficiently  porous  for  the  water  to  pass  through  freely ;  as  a 
rule  one  gallon  of  sand  to  three  bushels  of  loam,  and  one  bushel  of 
finely  broken  bricks  will  suit  for  the  genera  Opuntia,  Echinocactus, 
Echinopsis,  Cereus,  and  Mammillaria ;  for  Epiphyllum  and  Rhipsalis, 
a  mixture  of  rough  peat  and  loam,  with  a  little  sand  and  rough 
crocks,  is  the  best.  Such  as  B,  cassytha,  fanalis,  saglionis,  and 
mesemhryanthoid^is  may  be  grown  on  pieces  of  fern  stems,  in  baskets 
or  pots  suspended  the  same  as  Orchids,  and  very  interesting  objects 
they  make ;  Cereus  fiahelliformis  and  leptapea  succeed  best  sus- 
pended in  a  pot,  with  the  ordinary  soil ;  0.  ^randijlorus ,  Ma^- 
donaldicei,  and  the  other  night-flowering  species,  grow  best  planted 
in  the  back  border  of  a  stove  with  a  tolerable  amount  of  moisture  in 
the  air ;  it  is  not  necessary  to  give  them  much  soil,  as  they  get  most 
of  their  nourishment  from  their  aerial  roots.  When  the  plants  are 
to  be  potted,  the  whole  of  the  small  fibres  of  the  roots  should  be  cut 
off;  this  is  a  very  particular  point  in  the  cultivation  of  this  class  of 
plants,  as  it  enables  you  to  get  the  plants  into  small  pots,  and  if  left 
on  they  decay,  and  so  do  more  harm  than  good,  by  making  the  soil 
impure  ;  amateurs  as  a  rule  are  very  shy  at  cutting  the  roots  from 
their  plants,  but  a  good  cultivator  of  Cacti  has  not  the  least  hesita- 
tion about  the  subject,  and  it  is  probable  that  they  lose  most  of 
their  fibrous  roots  during  the  dry  season,  in  their  native  habitat ; 
the  soil  should  be  made  quite  firm  in  the  pot  and  well  drained, 
taking  care  to  put  enough  rough  pieces  of  soil  on  the  drainage  to 
prevent  the  soil  from  getting  amongst  it,  and  so  defeat  the 
object  for  which  it  is  placed  there.  Manure  should  be  specially 
avoided,  as  it  will  cause  the  soil  to  get  charged  with  impurities,  with 
the  least  excess  of  water,  which  impurities  the  plants  will  take  up^ 
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and  thoDgh  they  may  look  green  and  liealtliy^  may  some  day  be 
found  quite  dead ;  some  persons  recommend  manure,  but  after  sad 
experience,  I  say  away  with  it.  I  also  know  persons  who  grow 
their  plants  in  nearly  all  manure,  but  they  are  grown  for  sale,  and 
their  profit  consists  in  the  death  of  the  same.  Others  again  recom- 
mend lime  rubbish  being  mixed  with  the  soil ;  which  practice  has 
originated  from  the  fact  of  oxalate  of  lime  being  found  to  constitute 
a  great  portion  of  iiie  substance  of  these  plants,  but  lime  rubbish 
from  the  debris  of  old  buildings  is  very  different  from  that  found  in 
the  natural  soil  of  the  plants,  and  the  effect  on  the  roots  is  to  cause 
them  to  become  stunted,  and  what  horticulturists  call  clubbed; 
therefore  my  advice  is,  if  you  want  your  plants  to  grow  well  don't 
use  lime  rubbish. 

When  the  plants  have  been  potted  they  should  be  kept 
without  water  until  they  show  signs  of  growth;  never  mind 
if  they  don't  ask  for  it  until  two  or  three  months  after  potting ;  don% 
give  it  them  until  they  do,  for  they  always  contain  enough  moisture 
to  enable  them  to  start,  and  until  that  start  is  made,  the  roots  have 
not  began  to  grow ;  when  the  plants  have  started  into  growth  they 
may  be  watered  about  once  a  week,  for  the  first  month  ;  after  that 
twice,  with  a  good  syringing  every  other  evening  before  shutting 
the  house.  This  treatment  may  be  continued  until  the  end  of 
August,  when  the  syringe  must  be  laid  aside;  after  September,  the 
watering  must  not  be  oftener  than  once  in  fourteen  days;  from 
October  till  March,  the  genera  Mammillaria,  Echinocactus,  Cereus, 
and  most  of  the  Opuntias  must  be  kept  quite  dry.  As  the  Phyllo- 
cacti  flower  in  the  early  spring,  they  must  ^et  water  about  once  a 
month  during  the  winter.  Bpiphyllum  and  Rhipsalis  may  be  mode- 
rately dry,  but  they  will  not  endure  so  much  drought  as  their  more 
succulent  allies.  It  is  not  necessary  to  pot  the  plants  every  season^ 
as  they  like  to  be  pot  bound ;  some  do  well  in  the  same  pot  for  five  or 
six  years.  Should  any  plant  be  found  to  have  lost  its  roots,  or  show 
signs  of  decay,  the  infected  part  should  be  cut  clean  out  at  once, 
and  the  plant  turned  up  to  the  full  power  of  the  sun,  till  it  begins  to 
show  fresh  roots,  when  it  may  be  repotted,  and  watered  with  care ; 
this  rule  of  turning  the  plants  up  to  the  sun  should  be  especially 
attended  to  with  newly  imported  plants,  as  they  require  all  super- 
fluous moisture  cleared  from  them ;  their  roots  should  be  cut  off,  as 
when  dead  they  act  like  string,  conducting  moisture  to  the  plants ; 
to  the  neglect  of  cutting  off  the  dead  roots,  I  attribute  the  many 
failures  to  grow  the  Turk's  Cap  cactus  {Melocactus  communis), 
although  this  species   evidently  does  not  increase  in  size  after 
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forming  the  cap  or  flowering  pointy  yet  it  may  be  kept  alive  some 
years. 

Modes  op  Propagation. — The  genera  Rhipsalis,  Phyllocactus, 
Gereus^  and  Opnntia  are  easily  increased  by  cuttings,  which  should 
be  taken  off  in  May^  and  laid  in  the  sun  until  rooted^  when  they 
should  be  potted  and  watered  carefully,  though  Bhipsalis,  and 
Phyllocactus  may  be  potted  at  once^  and  kept  dry  about  fourteen 
days^  when  they  will  be  rooted  and  may  be  watered  j  Echinocactus 
and  Mammillaria  must  be  increased  by  offsets  ;  Echinocactus  requires 
the  top  to  be  cut  off,  which  must  be  exposed  to  the  sun  until  rooted, 
the  old  plant  will  throw  out  young  ones  which  may  be  taken  off  the 
next  season ;  as  a  rule  the  Echinocactus  is  slow  in  throwing  offsets^ 
and  care  must  be  taken  not  to  let  the  plant  get  any  water  until  it 
shows  signs  of  doing  so ;  patience  is  a  virtue  in  great  demand  in  the 
propagation  of  this  section  of  the  order.  The  slender  growing 
species  are  often  grafted  on  stronger  and  faster  growers,  though  care 
must  be  taken  not  to  select  for  a  stock  one  as  celebrated  for  vigour 
as  the  scion  is  for  want  of  it,  or  your  labour  will  be  in  vain ;  as  a 
stock  for  the  smaller  growing  Echinocacti,  Cereus  tortuosua^  or 
coluhrinuSy  are  the  best ;  for  the  larger,  0,  peruuianus^  and  gemmatus. 
In  grafting,  care  must  be  taken  to  cut  the  two  ends  rather  convex, 
than  concave,  as  they  are  apt  to  shrink  a  little,  which  would  cause  a 
separation,  and  so  spoil  the  graft ;  the  scion  must  be  tied  firmly  to 
the  stock,  taking  care  that  the  edges  meet,  or  at  least  one  of  them ;  the 
best  plan  to  ensure  against  accidents  is  to  put  three  sticks  into  the 
pot,  and  tie  them  together  above  the  plant,  thus  causing  a  continual 
pressure  from  above.  In  grafting  Opuntia  davarioides  you  may  cut 
a  cuneiform  notch  in  the  stock,  and  cut  the  scion  to  fit  tightly,  keep 
them  firm  with  a  stick  on  each  side,  and  a  thorn  run  through  the 
graft.  Some  of  the  smaller  species  of  Cereus,  as  (7.  tuberosa  may  be 
made  pointed,  with  a  corresponding  hole  in  the  stock ;  in  all  cases 
taking  care  not  to  disturb  the  plant  when  once  grafted.  When  the 
operation  is  finished,  the  plant  must  be  put  into  a  close  frame,  or 
the  shadiest  part  of  the  house,  until  it  is  out  of  danger.  Epiphyllums 
are  generally  grafted,  but  not  necessarily.  The  common  stock  used  is 
Pereskia  grandifoliaj  and  Blea,  but  Oereus  speciosissimus,  and  trian- 
gularis,  make  very  good  stocks,  these  plants  being  stouter,  and 
more  in  proportion  to  the  scion,  though  Pereskia  stocks  are  more 
to  be  depended  upon  than  Cereus.  Cuttings  of  Pereskias  intended 
for  stocks  should  be  put  in  in  spring,  selecting  the  young  straight 
shoots  of  the  previous  season,  about  six  inches  long,  or  according  to 
fancy ;   about  September  is  the  best  season  for  grafting  Epiphyllums. 
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The  scion  should  consist  of  one  or  two  joints ;  cut  the  outer  bark  off 
about  one  inch  on  each  side  of  the  scion^  split  the  stock  about  the  same 
lengthy  put  the  scion  in^  and  tie  or  pin  it  with  a  thom^  according,  to 
which  stock  you  use  ;  the  plants  must  then  be  put  into  a  close  frame^ 
and  laid  on  their  sides  until  united^  which  they  will  do  in  about  six 
weeks,  when  they  may  be  stood  upright,  and  gradually  hardened  off. 
Most  of  the  species  may  be  raised  from  seed,  which  should  be  sown 
as  soon  as  collected,  if  possible,  and  put  into  a  temperature  of  60^. 
The  young  plants  grow  very  slowly  at  first ;  when  potted  off  they 
should  be  placed  near  the  light ;  it  is  best  to  let  them  remain  in  the 
seed  pot  until  the  following  season,  as  they  are  very  apt  to  damp  if 
they  are  potted  off  to  soon.  Seed  collected  abroad  should  be  left  in 
the  pulp,  which  being  its  natural  protector  prevents  the  air  acting 
on  it,  and  drying  it  up ;  packed  in  a  small  tin  box  it  may  be  sent  any 
distance  without  losing  its  vitality.  The  best  flowering  varieties 
are  Cereus  spedosissimusj  and  its  varieties,  as  0,  Ackermanni,  J&n^ 
kinsoni,  splendens,  and  others ;  these  are  the  forms  most  commonly 
grown  in  cottage  windows ;  the  genera  Phyllocactus,  and  Cereus 
produce  many  fine  flowering  varieties. 

Hybridisation. — This  may  be  performed  by  any  person,  as  the 
stamen  and  pistils  are  so  very  distinct,  and  the  pollen  pro- 
duced in  abundance ;  which  may  be  preserved  for  some  time,  if 
kept  in  a  bottle  hermetically  sealed.  I  have  not  met  with  any  suc- 
cessful attempt  to  cross  Mammillaria  with  Echinocactus,  or  Opuntia 
with  Oereus,  though  I  know  of  no  cause  why  they  may  not  be,  as 
the  differences  in  the  flowers  are  not  differences  of  structure,  but 
merely  degrees  of  development ;  such  as  a  greater  or  lesser  number 
of  stamens  and  petals,  or  in  the  absence  in  some,  and  length  in 
others  of  the  tube  of  the  corolla,  excepting  that  it  may  be  that  the 
pollen  tubes  might  be  too  strong  for  the  distance  they  have  to  grow 
from  the  apex  of  the  stigma,  or  vice  versa. 

The  chief  points  to  be  observed  in  the  above  directions  are,  the 
light,  time,  and  mode  of  potting,  taking  special  care  not  to  be 
afraid  to  cut  off  the  roots.  The  watering  which  should  be  given  with 
a  rose  on  the  pot ;  when  given,  lot  it  be  enough  to  thoroughly  soak  the 
soil ;  it  is  best  to  hold  the  pot  as  high  as  you  can  so  that  the  water 
may  fall  on  all  parts  of  the  plant,  which  serves  the  double  purpose 
of  washing  and  watering  at  the  same  time.  Be  sure  to  give  them 
a  good  drying  in  the  winter,  upon  which  depends  the  success  in 
flowering  them  the  next  season. 

Some  few  species  as  Opuntia  vulgaris,  and  Bafinesquiana,  and 
Echinopsis  Eyriesii  are  hardy  in  the  south  of  England,  and  I  have  no 
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doubt  that  many  species  of  Opimtia  and  Echinopsis  wodld  do  verj 
well  in  cold  frames  in  winter  and  the  open  air  in  sammer.  For  an 
amateur  the  Cacti  are  the  best  class  of  plants  to  cultivate^  as  they 
offer  the  greatest  scope  for  number  of  species,  and  require  so  little 
attention.  In  a  house  20  feet  by  12,  from  400  to  500  species  may  be 
grown ;  in  the  summer  the  house  can  be  left  night  and  day  with  air, 
and  if  the  owner  had  no  person  he  could  trust,  he  might  lock  the  house 
and  leave  them  a  week  at  a  time  without  fear  of  harm ;  in  the 
winter,  if  he  should  be  obliged  to  leave  home,  the  only 
thing  would  be  to  get  the  heat  looked  after,  and  his  pets  would 
welcome  him  home  with  as  fresh  an  appearance  as  when  he  left. 
One  often  hears  the  remark  from  some  person  who  has  been  dis- 
appointed— ^I  bought  some  in  the  market,  but  they  soon  died ;  the 
fact  is  these  plants  are  newly  potted,  and  should  be  treated  as 
advised  for  fresh  potted  plants.  Cacti  intended  for  exportation  to 
long  distances  should  be  laid  in  the  sun  until  they  begin  to  shrivel, 
when  they  should  be  packed  in  some  coarse  material,  as  straw, 
taking  care  to  use  enough  to  prevent  the  spines  of  one  piercing  the 
other,  for  if  one  begins  to  rot,  the  whole  wiU  become  moist,  and 
endanger  the  whole  cargo ;  holes  must  be  made  in  the  sides  of  the 
boxes  to  cause  a  current  of  air  to  pass  through,  as  a  safeguard 
against  accident. 
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ANIMALS  AS  FELLOW-BOAEDERS. 

Br   p.   J.   VON  BENKDEN. 

M.  P.  J.  YON  BsNEDBK  recently  read  a  paper  before  tlie  Belgian 
Academy  on  what  he  termed  the  commensalismey  commensiolity^ 
or,  literally,  common^tahlei^m  of  animals,  describing  the  habits  of 
creatures  who  may  be  said  to  board  together,  but  whose  associa- 
tion is  distinct  from  that  of  victim  and  parasite. 

Every  fish,  he  says,  is  a  living  and  moving  territory,  on  which 
a  fauna  is  developed  possessing  special  interest.  When  a  small 
animal  claims  to  profit  by  the  fins  of  one  larger  than  itself, 
accompanies  it  in  its  chase,  and  picks  up  spoils  which  the 
larger  one  disdains  or  abandons,  we  see  none  of  the  motives 
which  characterize  parasitism.  Even  when  one  resides  upon  the 
other,  it  frequently  does  not  deserve  the  term  which  is  applied  to  it. 
It  is  not  rare  to  find  loyal  companions  by  the  side  of  generous  hosts, 
rendering  service  in  return  for  the  hospitality  they  receive.  The 
parasite  makes  it  his  business  to  live  at  the  expense  of  another ;  the 
associate  is  simply  a  table  companion.  When  a  whale  is  covered 
with  barnacles,  who  can  say  that  these  Cirripeds  are  parasites  ? 
They  merely  ask  of  their  colossal  companion  a  lodging-place,  and 
they  are  not  more  dependent  upon  him  than  coach  travellers  or 
railway  passengers :  they  feed  themselves  on  their  journey.  Leeches 
behave  quite  differently :  temporarily  attached  to  the  skin  of  their 
host,  they  suck  his  blood,  and  drop  off  after  their  meal  that  they 
may  conveniently  digest  it.  They  are  not  deemed  parasites,  because 
they  leave  their  host  during  the  intervals  between  their  meals  ;  but 
this  is  an  erroneous  opinion,  for  they  are  true  parasites,  as  the  bar- 
nacles are  true  companions. 

There  are  many  animals  living  in  common  whose  relation  to  each 
other  is  not  well  appreciated,  and  it  will  not  be  uninteresting  to 
glance  at  these,  and  endeavour  to  form  a  notion  of  the  ties  that 
unite  them.  We  do  not  mean  to  speak  of  those  associations  which 
are  known  as  flocks  and  troops,  composed  of  individuals  of  the 
same  species  united  for  defence  or  attack;  or  of  different  sexes, 
neuters,  workers,  soldiers,  etc.,  which  belong  to  the  same  family. 
Our  purpose  is  with  associations  of  different  species  whose  members 
bring  together  their  energy,  their  intelligence — I  might  say,  their 
capital,  and  become  fellow-boarders,  living  on  terms  of  perfect 
equality ;  although  it  is  not  uncommon  to  see  the  strong  use  up  the 
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weak^  or  the  evil-disposed  slip  in  amongst  peaceful  communities. 
The  sea-bed  has  its  bravoes  and  fiers-a'bras. 

Amongst  fellow-boarders  we  see  some  that  preserve  all  their 
independence,  and  who,  at  the  least  cause  of  discontent,  break  the 
connection,  and  seek  their  fortunes  elsewhere.  They  are  recognized 
by  their  apparatus  for  fishing  and  travelling,  which  they  never  put 
aside.  Others  instal  themselves  upon  their  neighbours,  throw  away 
all  their  travelling-gear,  make  themselves  comfortable  by  a  change 
of  toilet,  and  renounce  for  ever  their  independent  life.  Their  lot  is 
fixed  to  the  creature  that  carries  them.  They  are  permanent  fellow- 
boarders. 

Let  us  consider  first. 

Free  Fellow-Boarders. 

We  find  free  fellow-boarders  in  difierent  classes  of  the  animal 
kingdom.  Sometimes  they  sit  on  the  back  of  a  neighbour;  some- 
times they  go  in  at  his  mouth,  and  follow  the  route  of  his  food;  and 
sometimes  they  take  refuge  under  his  cloak.  An  interesting  in- 
stance belonging  to  this  first  category  is  afibrded  by  the  graceful 
fish,  the  Donzella,  which  makes  its  abode  in  the  body  of  a  Holo- 
thuria.*  The  Donzella  is  elongated  like  an  eel,  and  so  compressed 
that  it  has  been  compared  to  a  sword.  It  is  found  in  dififerent  seas 
with  precisely  the  same  habits.  The  fish  lodges  in  the  digestive 
cavity  of  its  companion,  and,  without  regard  for  the  hospitality  it 
receives,  takes  its  share  of  everything  that  enters.  It  makes  use  of 
a  generous  acquaintance,  who  can  collect  food  better  than  itself. 
The  HolothuricSy  or  sea- cucumbers,  are  excellent  fishers,  and  we 
often  find  in  them,  side  by  side  with  the  Donzella,  who  are  probably 
gluttons,  prawns  and  pea-crabs,  who  come  for  their  part  of  the 
spoil.  My  friend,  0.  Semper,  has  seen  sea-cucumbers  in  the  Phi- 
lippines who  were  not  bad  imitations  of  an  hotel  furnished  with  a 
table  d^hote. 

In  the  Indian  seas  a  fish  is  found  known  as  Oxiheles  lombricoides, 
modestly  lodged  under  a  star-fish  {Asterias  discoides),  and  taking 
advantage  of  its  fishing  powers.  In  Brazil  a  Siluroid,  of  the  genua 
Platystoma,  a  clever  fisherman,  thanks  to  his  numerous  lines,  lodges 
very  small  fish,  which  were  for  a  long  time  supposed  to  be  its 
young.  It  was  thought  the  female  kept  her  young  in  her  mouth,  as 
the  marsupials  keep  their  infants  in  a  pouch ;  but  it  is  now  known 

*  In  a  note,  M.  yon  Beneden  says  naturalists  have  long  known-  these  fishes  as 
Fiaratfwf,  They  are  allied  to  {voUina)  Ophidium,  eel-pout  or  barbolt,  and  sand-eel — 
fishes  which  are  Tery  dissimilar.  It  is  the  sand-eel  particularly  the  Donzella  is  said  to 
be  like.— Ed. 
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thaii  they  are  adults  and  completely  developed^  but  instead  of  livin;r 
by  their  own  labours,  they  prefer  to  lodge  in  the  mouth  of  a  good- 
natured  neighbour,  and  take  tithe  of  the  food  that  comes  in.  This 
little  fish  has  received  the  name  of  Stegophilus  insidius.  We  see 
that  in  the  animal  kingdom  it  is  not  always  the  big  which  make  use 
of  the  little. 

Dr.  Bleeker,  an  able  naturalist  who  has  rendered  good  service  to 
science,  makes  us  acquainted  with  an  association  of  a  still  more 
remarkable  character — ^that  of  a  Crustacean  who  makes  use  of  a  fish 
— the  black  StromaUe  of  the  Indian  seas  lodges  in  its  mouth  a 
Oymothoa,  who,  if  not  well  adapted  for  catching  his  prey  in  a  free 
state,  is  perfectly  organized  for  swallowing  what  comes  to  him  in 
this  position.  In  the  China  seas  Dr.  CoUingwood  found  an  anemone 
not  less  than  two  feet  in  diameter,  in  whose  interior  lively  little  fish 
resided,  the  name  of  which  he  did  not  know ;  and  without  quitting 
our  shores  we  may  observe  an  elegant  jelly-fish  {Ohrysaord  iaocela)  ? 
sheltering  many  young  scad  {Oaranx  irachurus),  which  surprise  us 
by  swimming  out  from  the  body  of  their  host. 

It  is,  however,  amongst  the  Crustaceans  that  we  shall  find  the 
most  remarkable  examples  of  free  fellow-boarders.  The  Crus- 
taceans comprise  lobsters,  crabs,  cray-fish,  and  legions  of  small 
animals  who  act  as  the  sanitary  police  of  the  shores,  and  purify 
their  waters  of  organic  matters  that  would  otherwise  corrupt  them. 
They  are  not  like  the  insects,  variegated  and  glittering  in  colour ; 
but  their  forms  are  robust  and  diverse,  and  they  often  please  by 
some  special  attraction.  Amongst  these  Crustacean  free-boarders 
one  of  the  most  interesting,  though  one  of  the  least,  is  that  tiny 
crab,  the  pea-crab,  which  lives  in  mussel- shells,  and  has  been 
wrongfully  accused  of  injuring  the  quality  of  their  hosts  as  food. 
They  have  been  very  numerous  this  year,  but  cases  of  mussel- 
poisoning  have  not  been  more  common  than  usual,  and  when  such 
effects  occur,  it  is  the  mussels  themselves  that  are  to  blame.  They 
produce  a  bad  efiect  on  some  persons  by  idiosyncracy — we  know 
the  word  though  we  do  not  know  the  thing.*  For  what  reason  do 
these  small  crabs,  the  Picnotlieras  of  naturalists,  which  are  not  found 
elsewhere,  inhabit  these  bivalve  moUusks?  The  ancients,  who 
knew  the  pea-crab  of  pinna,  thought  that  the  mollusks  having  no 
eyes  were  glad  to  avail  themselves  of  the  good  sight  of  the  crabs. 
These,  like  other  Crustaceans  of  the  same  rank,  carry  on  each  side 

*  Particular  mussels  often  produce  poisonous  effects  on  persons  with  whom  this 
species  of  food  usually  agrees.  This  probably  arises  from  a  particular  state  of  tie 
mollusk  rather  than  of  the  person  they  injure. — £o. 

VOL.   I.   N.8. — NO.    II.  !• 
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of  the  carapace,  at  the  end  of  a  moveable  support,  a  charming  little 
globe,  furnished  with  hundreds  of  eyes,  which  they  can  direct,  as  an 
astronomer  turns  his  telescope,  to  any  part  of  the  firmament.  What 
cannot  be  doubted  is,  that  the  little  intruders  live  on  good  terms 
with  the  mussels,  and  if  the  latter  supply  a  convenient  and  safe 
lodging,  they  on  their  side  profit  largely  by  the  morsels  which  fall 
from  the  claws  of  their  guests,  who  are  well  placed  and  well 
provided  with  prey-catching  apparatus.  Snugly  seated  in  their, 
living  house  at  the  bottom  of  the  sea,  they  possess  a  moveable  lair 
which  the  mussel  carries  about,  arid  they  can  choose  the  best 
moment  for  attack,  and  fall  upon  the  enemy  unawares. 

Pea-crabs  are  found  in  all  seas,  and  in  a  great  number  of  bivalve 
mollusks ;  the  North  Sea  even  containing  a  large  sort  of  mussel, 
Modiola  papvava,  found  in  deep  and  diflScultly-accessible  spots, 
which  always  contains  a  couple  of  pea-crabs  as  large  as  a  hazel-nut. 
The  great  avicala  {Avicula  margaritifera)  which  furnishes  the 
oriental  pearls,  also  lodges  pea-crabs  of  a  particular  species,  and  it  is 
not  impossible  that  these  creatures,  and  similar  fellow-boarders, 
contribute  to  the  formation  of  the  gems,  since  these  objects,  so 
highly  prized  for  feminine  decoration,  are  only  the  results  of  vitiated 
secretions,  most  often  produced  by  wounds.  We  have  opened 
hundreds  of  these  Aviculae,  and  have  never  found  them  destitute  of 
their  crabs,  many  of  which  we  placed  long  ago  in  the  Museum  of 
Natural  History  in  Paris. 

We  also  find  pea-crabs  in  the  great  clams  Tridacna  gigas,  whose 
shell  might  serve  for  a  benitier  in  the  churches,  and  no  doubt  they 
would  be  discovered  in  many  bivalves  not  yet  considered. 

On  the  coast  of  Peru  there  is  a  little  crab  which  lives  under 
rather  different  conditions.  He  chooses  not  a  bivalve  moUusk,  but 
a  sea-urchin,  lodging  in  its  anus,  ready  to  seize  any  creature  who 
may  be  attracted  by  the  excreta.  There  is  hkewise  a  small  crab, 
Hopalocarciims  marsvpialis,  which  dwells  amongst  the  depths  of  the 
thick  branches  of  a  coral  found  in  the  Sandwich  Islands,  and  is  at 
last  completely  enclosed  in  the  dividing  stems. 

An  association  of  a  difierent  kind,  and  the  nature  of  which  is 
diflScult  to  appreciate,  is  that  of  a  little  crab,  the  turtle  crab  of 
Brown,  found  in  the  open  sea  on  the  carapace  of  sea-turtles,  and 
sometimes  on  sea-weed  {fucus).  The  sight  of  this  crab  is  said  to 
have  given  confidence  to  Columbus  eighteen  days  before  his  disco- 
very of  the  new  world. 

Amongst  all  the  cases  of  companionship  none  are  more  remark- 
able than  those  of  the  soldier,  or  hermit  crabs,  so  abundant  on  our 
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coasts.  These  creatures^  as  is  well  known,  are  decapod  Crustaceans, 
somewhat  resembling  miniature  lobsters,  who  make  their  abode  in 
deserted  shells,  and  change  both  their  skin  and  their  dwelling  as 
they  increase  in  size.  The  young  ones  are  contented  with  very 
small  habitations.  The  shells  they  inhabit  are  derelicts  they  find  at 
the  bottom  of  the  sea,  and  in  which  they  conceal  their  weakness 
and  personal  disadvantages  with  obstinate  persistence.  These 
creatures  have  too  soft  an  abdomen  to  confront  the  dangers  they 
encounter  in  their  incessant  wars,  and  the  shells  in  which  they  thrust 
themselves  supply  at  once  lodgings  and  shields.  Armed  thus  from 
head  to  foot  the  soldier  crab  marches  proudly  against  his  enemies, 
and  fears  no  danger,  because  Tie  has  a  secure  retreat.  But  this  soldier, 
or  hermit  crab,  is  not  alone  in  his  dwelling.  He  is  not  an  anchorite 
like  those  dwelling  in  air,  for  by  his  side  a  worm  is  commonly 
installed  as  fellow-boarder  with  him,  forming  one  of  the  most 
remarkable  associations  which  is  known.  The  companion  worm  is 
elongated  like  all  the  Nereids,  and  its  supple  undulating  body  is 
armed  along  its  sides  with  bundles  of  lances,  pikes,  and  daggers, 
the. wounds  from  which  are  very  dangerous.  The  crab,  ensconced 
in  his  borrowed  armour,  and  flanked  by  his  terrible  acolyte, 
attacks  all  he  finds  before  him,  and  knows  no  reverse.  Thus 
around  his  domain  we  observe  a  prosperity  not  seen  elsewhere,  and 
on  his  shell  there  usually  flourishes  a  whole  colony  of  Hydractinia 
blooming  like  a  flower-bed,  and  inside  we  often  find  Peltogaster, 
Lyriope,  and  other  Crustaceans  who  convert  it  into  a  true  pan- 
demonium. 

On  the  English  coast  is  another  soldier  crab,  who  has  for  his 
principal  fellow-boarder  a  sea-anemone,  the  Adamsia  palliata. 
This  connexion  is  remarkable  on  many  accounts,  and  especially 
for  the  good  understanding  which  subsists  between  the  crab  and 
his  attendant.  Lieut. -Colonel  Stuart  Wortley  has  not  hesitated  to 
pry  into  the  domestic  life  of  these  creatures,  and  this  is  what  ho 
says  about  them.  The  hermit  crab  never  fails  to  offer  the  best 
morsels  of  his  captures  to  his  neighbour,  and  frequently  inquires 
during  the  journey  if  he  is  hungry.  But  it  is  when  the  crab  has 
to  change  his  house  that  his  care  and  attention  are  redoubled. 
He  assists  the  anemone  to  move  with  all  the  address  of  which  he 
is  capable,  and  if  the  proposed  new  house  does  not  suit  him 
another  is  selected,  that  the  Adamsia  may  be  fully  satisfied. 

More  than  a  hundred  species  of  soldier  crabs,  scattered  through 
all  seas,  are  known,  and  all  lead  the  same  sort  of  life. 

Another  sort  of  companionship  is  noticed  amongst  crabs  of  the 
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genus  Dromia  (Squinado)^  lyhicli  are  of  moderate  size^  and  instead 
of  lodging  in  a  cell,  dress  themselves  up  from  their  early  youth  with 
a  living  colony  of  polyps,  who  grow  with  their  growth.  This  colony 
has  for  its  usual  basis  a  live  Alcyonium  (Mermaid's  Finger,  or  Cow 
pap),  which  covers  the  carapace  and  adapts  itself  as  it  develops  to  the 
inequalities  of  the  cephalo-thorax,  so  that  it  seems  an  integral 
portion  of  the  crab.  Sertularia  and  Coryne  grow  in  abundance 
upon  the  Alcyonium,  mixed  with  sea-weeds,  and  the  Squinado, 
masked  by  the  living  burden  which  he  bears  like  Atlas  on  his 
shoulders,  marches  sedately  to  the  capture  of  his  prey.  Concealed 
in  the  bush  of  a  virgin  forest,  he  has  no  fear  of  attracting  the 
attention  of  an  enemy.  There  are  many  mysteries  to  bring  to  light 
concerning  the  inoffensive  population  which  the  Squinado  canies 
whenever  he  has  blood  to  shed.  These  crabs  are  not  rare  in  the 
Mediterranean,  but  they  are  seldom  seen  in  the  North  Sea.^ 

Another  crab,  Hypoconcha  sahulosa,  whose  carapace  is  too  tender 
for  him  to  go  about  naked,  covers  himself  with  the  shell  of  a  bivalve 
mussel. 

Some  Crustacea  of  the  order  Amphipoda  lodge  in  a  real  crystal 
palace,  choosing  for  their  dwelling  the  transparent  body  of  a 
Salpa,  a  Bervoe,  or  a  Pyrosoma,  and  in  the  interior  of  this  crystal- 
line lodging,  which  is  often  alive,  he  devotes  himself  to  the 
pleasures  of  fishing.  The  Phronima  sedentai-ia  usually  occupies 
a  Salpa.  These  Crustaceans  have  been  met  with  in  different 
seas ;  but  one  of  the  most  remarkable  examples  was  observed 
by  Mrs.  Toynbee  (Lady  Smyth)  in  lat.  3°  42'  S.,  long.  76° 
19'  E.,  and  from  her  beautiful  drawing,  which  is  reproduced 
in  the  superb  atlas  of  Commodore  Maury,  it  was  a  true 
Phronima.  I  may  be  permitted  to  record  my  admiration  of 
Mrs.  Toynbee's  researches,  by  which  she  has  enriched  science, 
and  of  the  splendid  drawings  she  has  brought  home  from  her 
voyages. 

We  find  often  on  our  coasts  the  Hyperia  Laireilli  lodged  in  the 
great  jelly-fish  {Rhizostoma) ,  which  appears  regularly  in  the  autumn 
on  the  shores  of  Ostend. 

The  isopod  Crustaceans  include  a  division  of  animals  regularly 
formed,  and  somewhat  resembling  wood-lice,  which  live  on  various 
fish — the  Cymathoads — armed  with  strong  hooks  for  attachment,  but 
often,  when  the  whim  takes  them,  swim  away  from  one  fish  and 
fasten  on  another.     They  are  true  fellow-boarders  who  like  being 

*  Thej    are    common    on    our   southern  coasts,  and    are  rerj  amusing  in  an 
aquarium.— Bd. 
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carried  by  others  better  than  using  their  own  paddles.  They  are 
found  in  all  seas^  and  Dr.  Bleeker  made  us  acquainted  with  many 
belonging  to  the  Indian  Ocean.  On  the  coasts  of  Britain,  where 
different  species  of  Wrasse  are  common,  it  is  rare  to  find  one  of 
these  fish  who  does  not  lodge  a  couple  of  these  Crustaceans. 

Besides  the  barnacles  who  live  as  fellow-boarders  on  the  whales, 
the  latter  give  lodging  on  the  surface  of  their  skins  to  Crustaceans, 
who  preserve  their  liberty,  and  quit  one  host  to  establish  themselves 
on  another.  These  are  the  whale  lice  {Cyami),  who  live  upon  the 
CetacesB  as  the  previously-mentioned  isopods  live  on  fish.  The  mem- 
bers of  the  genus  Caprella  usually  attach  themselves  either  to  whales, 
or  turtles,  or  fish,  or  to  SertulariaB,  and  appear  to  live  under  the 
same  conditions. 

The  Pcynogons,  whose  nature  and  mode  of  life  have  appeared 
problematical  up  to  this  time,  deserve  to  be  reckoned  equally 
amongst  the  fellow-boarders,  at  least  during  their  youth.  They 
live,  in  fact,  after  they  are  hatched,  on  Coryne,  Hydractinia,  and 
other  polyps ;  and  it  is  only  at  a  later  period  that  they  haunt  mol- 
Insks  and  more  elevated  creatures. 

The  MoUusks  of  all  the  lower  ranks  show  most  independence, 
contenting  themselves  with  the  slowness  of  their  progression  and 
the  poverty  of  their  food,  and  seldom  asking  the  aid  of  their 
neighbours. 

The  mode  of  life  of  the  animals  which  have  occupied  our  at);en- 
tion  makes  us  understand  the  relations  subsisting  between  certain 
Gasteropoda  and  Echinoderms.  The  Gasteropods  in  question  are 
known  as  belonging  to  the  genus  Stylifer,  and  they  have  been  long 
noticed  in  star-fish,  Asterias,  Ophiura,  Comatula,  and  even  in  sea- 
cucumbers  {Holothurice) ;  and  as  they  were  constantly  found  in  the 
digestive  cavity  of  these  Radiates,  they  were  supposed  to  be  present 
as  parasites.  This  opinion  was  first  expressed  by  D'Orbigny,  and 
adopted  by  most  naturalists.  They  are,  however,  only  parasites  in 
appearance,  and  are  really  nothing  more  than  fellow-boarders.  These 
delicate  Gasteropods  have  been  successively  ranked  among  the  Pha- 
sianellcB,  the  Turritelloe,  the  Oerithii^  the  ScalaricBj  and  the  Rissoce ; 
but  Mr.  Gwyn  Jeffreys  has  just  proposed,  and  with  reason,  to  erect 
them  into  a  distinct  family.  These  Stylifers  sometimes  place  them- 
selves at  the  entrance  of  the  mouth ;  but  generally,  like  the  Don- 
zelle,  they  prefer  to  lodge  deeper  in  the  digestive  cavity,  in  the 
midst  of  the  food. 

Quite  recently,  Mr.  Stimpson  has  pointed  out,  in  the  Port  of 
Charleston,  a  Gasteropod  MoUusk,  like  a  Planorbis {OoMiolepsis para- 
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situs),  which  lives  as  a  fellow«boarder  on  the  body  of  a  worm, 
Ocoetes  lupina.  Some  other  MoUusks,  such  as  Madiolaria  marmo* 
rata,  lodge  as  fellow-boarders  in  the  mantle  of  an  Ascidian,  as  the 
Magili  establish  themselves  in  the  interior  of  Madrepores.  We  may 
also  cite  Vermetus,  Crepidulus,  and  Hvpponyx,  which  instal  them- 
selves in  other  shells,  and  only  ask  a  comer  for  a  lodging. 

The  class  of  worms  not  only  comprises  parasites,  but  possesses 
likewise,  as  we  shall  soon  see,  fellow-boarders  also.  We  find 
them  on  MoUusks,  on  animals  of  their  own  class,  on  Echinoderms, 
and  even  on  Polyps.  One  of  the  most  curious  worms  is  the  Myzos- 
tome,  which  lives  on  the  Comatula,  the  true  nature  of  which  has 
just  been  revealed  by  the  labours  of  Mecnikow.  These-  Myzostomes 
resemble  Trematode  worms,  but  they  possess  symmetrical  append- 
ages covered  with  vibratile  cilia.  They  run  about  the  Echinoderms 
with  remarkable  rapidity,  and  have  not  yet  been  found  in  other 
situations.  They  are  no  more  parasites  than  the  preceding,  but 
take  their  place  beside  them  as  free  fellow-boarders. 

There  are  many  worms  which  live  as  companions  in  the  same 
sheath  with  their  congeners,  and  even  with  included  MoUusks.  We 
may  cite  the  Lepidonotus  cirratu^,  and  the  Ohcetopterus  insignis,  as 
weU  as  the  Lycoris  fucata,  which  inserts  itself  in  the  holes  of  the 
Teredo.  M.  P.  MiQler  mentions  an  Amphinome  which  establishes 
itself  in  Lepas  anatifera.  There  is  also  a  larva  of  a  Nemertian  worm 
{Alardus  caudatiis),  which  lives  in  the  digestive  tube  of  a  neigh- 
bour, and  whose  mode  of  life  has  been  misunderstood.  In  opening 
ifche  Pylidium  gyrans,  we  often  find  in  the  interior  of  its  digestive 
cavity  a  larva  which  was  once  thought  to  belong  to  it  by  aflSliation ; 
but  the  Alardus  is  only  a  feUow-boarder — at  least  in  its  young 
days,  and  at  a  later  period  can  probably  shift  for  itself. 

We  likewise  find,  commonly,  a  fellow-boarding  Kemertian,  the 
Folia  canvoluta,  amongst  the  eggs  and  under  the  tail  of  the 
common  crabs  which  belopg  to  our  coasts. 

An  elegant  Gasteropod,  the  Phylliroe  hucephala,  carries  a  singular 
appendage  on  its  head,  which  has  been  long  noticed  by  naturalists, 
though  its  nature  has  only  lately  been  understood.  It  is  the 
Mnestra  parasites.  Miiller  first  took  it  for  a  Medusa,  but  he  after- 
wards abandoned  that  opinion,  when  Krohn  definitively  arranged  it 
amongst  the  Polyps,  only  differing  from  its  congeners  by  its  form, 
its  four  ciliated  tentacles,  and  its  mode  of  life.  Thus  we  have  a 
polyp  as  a  fellow-boarder. 

A  superb  sponge,  Euplectella  aspergillum,  from  the  Philippines  is 
planted  in  the  soil,  and  shelters  three  kinds  of  Crustaceai,  pea-orabs^ 
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prawns^  and  isopoda.       The  Fhehmedusa  vogtiiy   which  lives  on 
Halecampa  FulUmi,  also  deserves  mention. 

We  now  come  to  the 

Fixed  Fellow-Boaedbes. 

The  fellow-boarders  of  which  we  have  been  speaking  preserve 
their  full  and  entire  independence  at  all  periods  of  their  lives^  and  as 
they  only  undergo  ordinary  changes  in  form,  their  true  nature  has 
rarely  been  misunderstood.  By  the  side  of  these  we  see  others  who 
are  only  free  during  their  young  days,  and  when  the  epoch  of  puberty 
approaches  they  make  choice  of  a  host,  throw  off  all  their  travelling 
appendages,  including  their  eyes,  change  their  clothes,  and  become 
completely  dependant  upon  the  animal  that  carries  them.  Others, 
again,  only  renounce  their  independence  for  a  time,  and  preserve 
even  during  their  sequestration  their  proper  form  and  their  organs 
of  locomotion.  The  most  interesting  of  the  fixed  fellow -boarders 
are  evidently  the  barnacles  Tubidnella,  Diadeina,  and  Ooronula, 
which  cover  the  skin  of  whales.  They  are  like  all  the  others, 
free  during  their  infancy;  but  for  motives  of  their  own,  they 
locate  themselves  on  the  head  or  the  back  of  these  great 
Cetaceans,  which- they  never  quit  when  once  settled.  That  which 
is  of  especial  importance  to  these  companionships  is  that  each 
whale  lodges  particular  species,  so  that  the  fellow-boarding  Crustacea 
are  like  a  flag  of  nationality,  and  the  equipment  causes  the  ship  to  be 
recognized.  The  great  northern  whale  Mysticetus,  which  our  hardy 
and  patient  neighbours  discovered  on  seeking  a  passage  to  India  by 
the  Bast,  a  species  which  never  quits  the  ice,  does  not  carry  bar- 
nacles. It  is  this  whale  that  was  already  known  to  Iceland  fisher- 
men of  the  twelfth  century.  These  intrepid  whalers  distinguished 
between  a  northern  whale  without  calcareous  adhesions,  and  a 
southern  whale  with  them.  This  last  is  the  celebrated  whale  of  the 
temperate  regions,  the  '^  North-Kaper,''  which  the  Basques  hunted 
from  the  tenth  century  in  the  Channel,  and  which  at  a  later  period 
they  chased  as  far  as  Iceland. 

We  also  find  characteristic  Cirripeds  on  the  genus  Megoptera  on 
dolphins,  on  some  of  the  sharks,  and  on  tortoises,  and  their  inferior 
ranks  are  met  with  on  sponges,  and  in  the  tissues  of  many  true 
Polyps.  But  if  the  greater  part  of  these  Crustaceans  lose  their 
proper  physiognomy  while  possessing  the  appendages  symmetri- 
cally disposed  round  the  mouth,  there  are  also  some  who  get  rid 
of  all  their  external  apparatus  and  become  a  mere  sac  of  sexual 
organs,  such  as  8accuUna  and  Peltogasier^  who  lead  a  miserable  life 
in  the  abdomen  of  common  crabs  or  on  the  backs  of  soldier  crabs; 
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We  also  see  Cimpeds  establishing  themselves  on  other  Cirripeds, 
losing  their  appendages,  and  taking  the  form  of  the  larva  of 
a  Diptera.  The  genera  Otion  and  Cineras,  which  we  find  on  the 
keels  of  ships,  as  well  as  on  the  bodies  of  fish,  are  fellow-boarders 
on  other  Cimpeds,  but  preserving  their  own  form. 

From  the  time  of  the  ancients  a  fish  was  known,  whose  position 
was  not  well  made  out  until  our  day,  and  which  seems  to  belong  to 
the. category  of  fellow-boarders.  It  is  the  Echineis,  or  Remora,  an 
animal  found  in  the  Mediterranean  and  other  seas,  attached  to  the 
bodies  of  large  fish,  especially  sharks,  by  means  of  an  apparatus  for 
adhesion  situated  on  its  head.  It  has  sometimes  been  confounded 
with  the  pilot  fish.  It  is  a  fellow-boarder,  but,  contrary  to  those 
just  mentioned,  can  free  itself  when  it  pleases,  and  seek  a  new  host. 
It  lives  by  its  captures  during  the  voyage.  The  Remora  has  always 
attracted  the  attention  of  observers.  In  the  eyes  of  the  ancients  a 
singular  being,  no  matter  of  what  sort,  must  have  some  peculiar 
action  upon  the  animal  economy,  and  could  not  fail  to  enter  into 
the  composition  of  divers  therapeutic  preparations.  Pliny  pretends 
that  the  Bemora  served  to  compose  poisons  capable  of  extinguishing 
the  fires  of  love. 

The  sailors  now,  as  of  old,  are  convinced  that  if  one  of  these 
little  fish  adheres  to  a  ship  it  arrests  its  course.  That  which  is  not 
doubtfal  is  that  the  inhabitants  of  the  coast  of  Mozambique  turn  to 
account  the  Bemora's  faculty  of  attaching  itself  to  animals,  for  they 
put  a  ring  in  its  tail,  to  which  they  attach  a  line,  and  let  it  go  in 
the  sea  and  stick  to  what  prey  it  may  find.  Thus  Remora-fishing 
is  the  counterpart  of  hawking. 

Amongst  the  Polyzoa  there  is  a  curious  genus  living  on  Annelids, 
and  concerning  the  nature  of  which  we  have  been  led  into  error. 
My  fellow-labourer,  M.  Hesse,  represented  it  as  a  Trematode  with 
a  stalked  sucker  situated  behind,  and  we  have  given  it  the  name  of 
Oydatella,  which  ought  to  be  abandoned.  The  pretended  Trematode 
is  a  true  Polyzoon  belonging  to  the  genus  Loxosma,  and  which  lives 
as  a  fellow-boarder  fixed  on  the  Annelids. 

There  are  likewise  fellow-boarders,  who  in  their  early  growth 
place  themselves  under  the  protection  of  a  complaisant  neighbour  or 
a  parent,  and  are  then  transported  to  their  destination.  These  do 
not  lose  the  character  of  their  youth.  Among  them  are  the  young 
of  the  Caligus ;  for,  according  to  the  observations  of  M.  Hesse,  of 
Brest,  these  Orastaceans,  in  order  to  reach  the  fish  they  are  destined 
for,  attach  themselves  to  a  parent  or  a  friend  by  the  aid  of  an 
appendii^  of  the  cephalo-thorax,  and  are  rowed  to  their  residence. 
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Forty  years  ago  Jacobson  of  Copenliagen  wrote  a  memoir  to 
demonstrate  that  the  young  bivalves  which  are  found  on  the 
external  branchiae  of  Anodonts  are  parasites,  for  which  he  proposed 
the  name  Glochidium,  and  Blainville  and  Dumdril  were  requested  to 
report  on  this  paper,  which  was  sent  to  the  French  Academy.  Their 
opinion  gained  few  supporters,  and  it  is  now  well  known  that  the 
young  Anodonts  differ  considerably  from  the  adults,  and  that  during 
their  sojourn  in  the  branchiee  they  c^rry  a  long  cable  which  descends 
from  the  middle  of  the  foot.  What  is  this  cable  for  ?  Is  it  to 
attach  the  young  Anodont  to  the  body  of  some  fish  which  will  carry 
it  to  a  distance  ?  The  Anodonts  have  not,  like  other  Acephala,  or 
headless  moUusks,  vibratile  wheels  to  disperse  themselves. 

At  the  bottom  of  ponds  and  rivers  there  are  Rotifers  and  Infu- 
soria which  attach  themselves  to  Crustaceans  and  insects,  and  travel 
like  the  Cirripeds  of  the  whales.  There  thus  exist  fellow-boarders 
of  the  two  categories  in  the  lower  ranks  of  aquatic  animals. 

We  shall  finish  by  remarking  that  in  all  combinations  between 
individuals  of  different  sexes,  as  between  those  of  different  species, 
we  always  find  the  object  attained,  the  conservation  of  the  indi- 
vidual and  the  conservation  of  the  species.  These  phenomena  evi- 
dently depend  on  the  secret  ordinance  of  Providence,  and  the  life  of 
the  humblest  worm  hangs  from  the  same  thread  as  that  of  the 
greatest  mammal.  A  breath  suffices  for  their  creation  and  their 
annihilation.  God  holds  the  chains  of  all  their  existences,  and  con- 
ducts them  to  their  end.  It  is  for  us  to  observe  the  facts,  and  to 
guess  in  generalizing  them  the  laws  by  which  they  are  regulated. 
And  if  we  have  need  of  an  hypothesis  to  guide  us  through  the  dark 
places,  do  not  let  us  assign  to  it  the  importance  of  a  scientific  con- 
quest, for  this  hypothesis  is  only  a  beacon  to  guide  us  on  our  route. 

We  close  here  foi>  the  moment  the  observations  to  which  we  may 
revert  some  day.  In  conclusion,  let  us  repeat  the  words  we  lately 
used  under  analogous  circumstances  and  in  this  place — the  grandeur 
of  nations  is  measured  to-day  by  the  scale  of  their  intelligence.  Let 
us  take  our  part  in  those  learned  researches  which  are  assigned  to 
us  amongst  European  peoples,  and  encourage  with  all  our  power 
the  study  of  the  sciences  and  the  cultivation  of  the  arts,  those  two 
levers  of  civilization.  In  that  let  us  place  our  glory.  Instead  of 
stifling  the  spirit  of  investigation  in  our  superior  schools  and  leading 
minds  to  expend  their  forces  in  sterile  disputations,  constitutional 
governments  should,  more  than  absolute  monarchies,  afford  a  good 
example,  and  without  ceasing  urge  the  nation  to  the  glorious  and 
fruitful  conquests  of  science. 
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All  science  depends  upon  the  probability  of  certain  things  being 
true,  and  certain  inferences  being  correct.  If  an  hypothesis  ex- 
plains a  number  of  phenomena,  which  do  not  appear  to  be  sus- 
ceptible of  so  good  an  explanation,  or  of  any  explanation  at  all,  by 
another  supposition^  we  have  a  strong  inducement  for  believing  it 
to  be  correct.  Up  to  a  certain  point  of  knowledge,  astronomical 
facts  and  appearances  were  accounted  for  to  the  satisfaction  of 
acute  minds  by  the  Ptolemaic  system,  and  in  like  manner  a  certain 
quantity  of  fact  relating  to  light  was  explicable  upon  the  theory  of 
.an  emission  of  luminous  particles,  radiating  in  straight  lines. 
Both  these  theories  had  to  give  way  before  an  increase  in  the  num* 
ber  and  kind  of  known  phenomena,  which  had  be  accounted  for, 
and  which  they  proved  incapable  of  including.  Within  limits, 
which  are  perhaps  impossible  to  define,  that  theory  is  the  most 
probable  which  explains  the  largest  number  of  phenomena,  but 
mere  quantity  of  this  sort  of  evidence  does  not  always  strengthen 
belief.  For  example,  our  belief  that  the  sun  will  rise  at  the  time 
calculated  by  astronomers  to-morrow  morning,  is  so  strong  as  to  be 
termed  complete,  and  it  will  not  be  increased  this  time  next  year, 
because  there  will  by  that  date  have  been  a  certain  number  of 
additional  coincidences  between  the  predictions  and  the  results. 

In  many  cases  our  minds  are  strongly  influenced  by  the 
variety,  as  well  as  by  the  quantity,  of  the  facts  which  a  given  theory 
coordinates  in  that  particular  manner  to  which  we  apply  the  term 
explanation.  Thus,  in  the  case  of  light,  the  capability  of  the  un- 
dulatory  theory  to  explain  phenomena  of  polarization  and  diffraction, 
as  well  as  those  of  reflexion  and  refraction,  adds  much  to  its 
credibility. 

In  like  manner,  the  nebular  hypothesis  has  grown  in  proba- 
bility by  a  succession  of  discoveries  and  observations,  which  are 
found  consistent  with  it;  but  there  is  at  present  so  much  that 
remains  unaccounted  for,  that  we  may  be  justified  in  think- 
ing that  this  theory  will  have  to  be  modified,  as  well  as  com- 
pleted, before  it  can  reach  the  degree  of  probability  attained  by 
the  undulatory  theory  of  light.  Mr.  Proctor  has,  we  know,  some 
interesting  speculations  on  this  subject,  which  we  hope  he  will 
work  out. 

In  all  speculations  on  the  condition  of  highly  attenuated  matter^ 
such  as  nebulas,  or  comets,  swimming  in  thd  cold  and  rare  fluid 
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that  occupies  the  regions  of  space^  we  are  nnder  great  difficulties 
from  want  of  analogies  to  help  us.  The  matter  of  comets  is  in  a 
condition^  not  like  anything  we  are  acquainted  with  in  some  im- 
portant particulars.  Sir  John  Herschel  says,  "  it  is  evident  that 
the  most  unsubstantial  clouds  which  float  iu  the  highest  regions  of 
our  atmosphere,  and  seen  at  sunset  to  be  drenched  in  light,  and  to 
glow  throughout  their  whole  depth  as  if  in  actual  ignition,  without 
any  shadow,  or  dark  side,  must  be  looked  upon  as  dense  and 
massive  bodies  compared  with  the  filmy,  and  all  but  spiritual 
texture  of  a  comet/^  In  1767,  Lexell's  comet  approached  Jupiter, 
by  whose  attraction  its  orbit  was  materially  changed,  but  its  mass 
was  so  small  that  it  was  not  able  to  produce  any  noticeable  disturb- 
ances in  the  little  bodies  of  the  great  planet  satellites. 

Cometary  matter  does  not  appear  to  be  in  one  state  only. 
Sir  J.  Herschel  says  of  them : — '^  In  all  probability  they  admit  of 
great  varieties  of  structure,  and  among  them  may  very  possibly  be 
bodies  of  widely  differeut  physical  constitution,  and  there  is  no 
doubt  that  one  and  the  same  comet,  at  different  epochs,  undergoes 
great  changes,  both  in  the  disposition  of  its  materials,  and  in  their 
physical  state. '^  We  do  not  know  matter  in  the  state  in  which  comets 
must  be  when  they  shoot  out  their  enormous  tails  with  astounding 
rapidity,  and  to  prodigious  lengths.  The  comet  of  1680  was 
found  by  Newton  to  have  emitted  a  tail  20,000,000  leagues  long 
in  two  days,  and  it  went  on  increasing.  The  comet  of  1843  was 
seen  to  shoot  out  a  ray,  or  tail,  to  the  extent  of  nearly  100^  in  a 
single  day,  and  upon  this  Sir  John  Herschel  remarks,  '^  It  is  clear 
that  if  we  have  to  deal  here  with  matter,  such  as  we  conceive  it^ 
possessing  inertia  at  all,  it  must  be  under  the  dominion  of 
forces  incomparably  more  energetic  than  gravitation,  and  quite 
of  a  different  nature."  Soon  after  passing  its  perihelion  the  tail 
of -this  comet  increased  thirty-five  million  of  miles  a  day.  The 
emission  of  cometary 'tails  takes  place  in  a  direction  opposite  to  the 
sun,  and  that  body  is  presumed  to  exert  s^  repulsive  force  upon  the 
matter  so  made  to  travel  with  astounding  rapidity.  If  we  are  to 
follow  analogy  and  recognise  all  the  forces  acting  upon  matter  as 
modes  of  motion  of  the  particles  thereof,  we  shall  be  led  to  suspect 
that  cometary  matter  is  in  a  conditiou  to  be  impressed  with  motions 
different  from  those  we  know  more  or  less  about,  as  they  are  ex- 
hibited in  heat,  electricity,  and  so  forth.  It  is  obvious,  therefore, 
that  when  the  spectroscope  is  applied  to  a  comet,  though  it  is  highly 
probable  that  Mr.  Huggins  is  right  in  the  conclusions  at  which  he 
has  arrived,  we  do  not  really  know  how  to  compute  the  probability 
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of  his  interpretation  of  its  indications  being  correct.  This  is 
perhaps  still  more  the  case  in  the  spectroscopic  investigation  of 
nebalse.  An  indication  of  incandescent  hydrogen,  for  example, 
obtained  by  such  means,  is  not  quite  conclusive,  and  it  is,  in  tho 
present  state  of  knowledge,  impossible  to  ascertain  exactly  what  it 
is  worth. 

An  experimenter  wishing  to  obtain  a  spectrum  of  incandescent 
hydrogen,  operates  with  a  coil  machine  and  a  Geissler  tube.  Ho 
makes  the  rarified  gas  luminous  by  a  powerful  electric  discharge, 
which  strongly  heats  it,  and  in  comparing  his  results  with  those 
obtained  with  the  light  from  a  nebula  two  suggestions  occur. 
First,  we  have  no  evidence  that  the  luminous  nebula  is  intensely 
heated^  by  any  internal  action,  or  by  any  external  force.  In  the 
next  place  we  know  scarcely  anything  about  the  density  of  the 
matter  that  composes  it.  At  first  it  would  seem  that  if  highly 
heated  hydrogen  gave  a  particular  spectrum  in  the  laboratory  ex- 
periment, it  was  highly  improbable  that  exactly  the  same  spectrum 
should  appear,  except  similarly  heated  hydrogen  were  its  cause. 
The  amount  of  improbability  of  accidental  coincidence  is  enor- 
mously great — great  enough  to  be  discarded.  From  a  moderately 
extensive  range  of  experiments,  we  know  that  a  considerable 
number  of  the  bodies,  which  we  call  '^  simple,'*  simply  because  we 
cannot,  or  have  not  decomposed  them,  aflford,  in  the  state  of  in- 
candescent vapour,  characteristic  spectra,  and  from  this  it  is  inferred 
that  this  rule  holds  good  under  all  circumstances.  Certain  facts  in 
tbe  spectra  of  gases  raise  some  doubts,*  but  it  must  be  admitted 
that  a  powerful  probability  is  established  that  certain  nebulas  are  com- 
posed of  luminous,  if  not  of  incandescentf  gaseous  matter,  to  which 
the  term  incandescent  is  commonly  applied,  though  before  we  know 
how  to  estimate  the  value  of  this  probability  we  must  see  what  other 
probabilities  are  raised  by  the  same  or  other  researches. 

On  making  his  most  important  examination  of  a  nebula  in 
Draco,  Mr.  Huggins  saw  three  isolated  bright  lines,  instead  of  the 
continuous  spectra  given  by  stars,  and  he  said,  '^  a  spectrum  of  this 
character,  so  far  as  our  knowledge  at  present  extends,  can  be  pro- 

*  '^  An  apparent  ezoeption  to  the  lavr  that  the  nature  of  the  f pectmm  of  a  gas 
remains  constant  throughoat  a  great  temperature  range,  ought  to  be  remarked  in  the 
case  of  nitrogen,  wliich  changes  the  nature  of  its  spectrum  at  a  Ter/  high  temperature. 
This  is  viewed  bj  some  as  an  indication  that  nitrogen  is  reallj  a  compound  bodj,  since 
the  same  change  takes  place  in  the  spectra  of  some  other  gases,  which  we  know  to  be 
compound." — lialfour  Stewart,  '*  An  Elementary  Treatise  on  Heat."  Piiicker  has  made 
important  observations  on  this  subject. 

t  Incandescent  properly  means  being  made  white  bj  heat. 
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daced  only  by  light  which  has  emanated  from  matter  in  the  state 
of  gas.  The  light  of  this  nebula^  therefore^  was  not  emitted  from 
incandescent  solid^  or  liquid  matter,  as  is  the  light  of  the  san  and 
stars,  but  from  glowing  or  luminous  gas/' 

On  comparing  the  spectrum  of  nitrogen  with  that  of  the  nebulas, 
Mr.  Huggins  says,  "  I  found  that  the  brightest  of  the  lines  of  the 
nebulas  coincided  with  the  strongest  of  the  lines  that  are  peculiar  to 
nitrogen.  It  may  be,  therefore,  that  the  occurrence  of  this  one  line 
only,  indicates  a  form  of  matter  more  elementary  than  nitrogen,  and 
which  our  analysis  has  not  yet  enabled  us  to  detect.  In  a  similar 
manner  the  faintest  of  the  lines  was  found  to  coincide  with  the 
green  line  of  hydrogen.^'  He  adds,  '^  the  middle  of  the  three  lines 
which  form  the  spectrum  of  the  nebula  does  not  coincide  with  a 
very  strong  line  in  the  spectra  of  about  twenty  of  the  terrestrial 
elements.  It  is  not  far  from  the  line  of  barium,  but  does  not  coin- 
cide with  it.''  A  minute  nucleus  of  this  nebula  appeared  to  be 
the  source  from  whence  a  faint  continuous  spectrum  was  obtained, 
and  thence  it  was  inferred  to  consist  of  opaque  matter,  which  may 
exist  in  the  form  of  an  incandescent  fog  of  solid  or  liquid  par- 
ticles.'' The  comet  of  1 866  afiForded  a  continuous  spectrum  from 
its  coma,  indicating  that  it  was  visible  by  reflecting  solar  light;  but 
the  nucleus  was  self  luminous,  and  gave  a  gaseous  spectrum,  ''  sug- 
gesting that  the  material  of  the  comet  was  similar  to  the  matter  of 
which  gaseous  nebulas  consist." 

It  is  difficult  to  suppose  that  such  thin  bodies  as  comets  and 
nebulae  can  keep  themselves  very  warm  in  the  intense  cold  of  space. 
From  Professor  Tyndall's  researches,  it  appears  that  oxygen, 
nitrogen,  air  (which  is  a  mixture  of  them),  and  hydrogen  possess 
very  feeble  powers  both  of  radiation  and  absorption.  A  heated 
mass  of  theso  gases  would  cool  slowly  from  radiation,  but  a  cold 
mass  would  be  very  difficult  to  warm  by  absorption  of  heat  radiated 
from  any  other  body.  To  retain  nebulae  or  comets  in  a  state  of 
incandescence  from  heat  would  require  conditions  that  we  do  not 
know  to  exist.  No  one,  we  suppose,  would  imagine  that  heat, 
radiated  from  any  other  bodies,  could  keep  a  nebula  white  hot, 
and  matter  in  so  rarified  a  state  is  not  under  favourable  circum- 
stances for  violent  chemical  actions,  such  as  we  know  produce 
great  elevation  of  temperature.  We  may,  however,  have  recourse 
to  that  refuge  for  those  destitute  of  accurate  information — electri- 
city— and  assume  that  the  nebulous  glow  which  acts  upon  our 
spectroscopes  comes  from  electric  excitation.  But  if  this  be  so,  we 
have  gaseous  matter  not  heated  to  incandescence  giving  the  same 
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spectrum  as  gaseous  matter  that  is  so  heated  in  our  laboratory 
experiments ;  and,  before  we  can  tell  the  probabilities  of  the  infer- 
ences usually  drawn  from  the  spectra  of  comets  and  nebulaD,  we 
must  ascertain  that  the  same  gaseous  matter  in  these  two  conditions 
would  give  the  same  spectroscopic  results.  Any  probabilities  that 
nebulous  matters  are  not  incandescent  from  heat  are  probabilities 
that  the  laws  of  luminous  spectra  are  not  so  simple  as  to  be  com- 
prised in  the  statements  we  usually  receive,  and  according  to  which 
we  are  invited  to  believe  that  the  same  form  of  matter  in  the  same 
condition  gives  a  spectrum  belonging  exclusively  to  that  matter  in 
that  particular  state. 

When  we  consider  comets,  how  are  we  to  be  guided  in  guessing 
their  temperature  ?  The  comet  of  1843  went  so  near  the  sun  as  to 
be  exposed  to  47,000  such  suns'  heat  as  we  experience  the  warmth 
of,  and  Sir  J.  Herschel,  from  whom  we  take  this  statement, 
observes  that  the  heat  emitted  by  the  sun  in  such  a  position 
would  be  equal  to  three  and  a  half  times  that  obtained  with 
Parker's  great  lens,  thirty-two  and  a  half  inches  in  diameter,  when 
used  with  a  concentrating  lens,  increasing  its  power  sevenfold,  and 
melting  camelian,  agate,  and  rock  crystal  with  the  solar  rays.  The. 
actual  temperature  of  the  matter  exposed  to  this  solar  glare  and 
glow  would  depend  upon  its  nature.  If  very  transparent  to  heat, 
it  would  let  much  through  and  retain  little.  If  the  heat  excited 
other  actions,  such  as  great  expansion,  or  other  internal  work,  all 
so  employed,  would  not  raise  its  temperature.  Many  comets  seem 
to  grow  smaller  as  they  approach  the  sun,  and  this  has  been  sup- 
posed to  arise  from  portions  being  converted  into  a  more  atten- 
uated and  invisible  condition.  As  they  recede  from  the  sun  they 
have  been  observed  to  get  visibly  bigger — probably  from  condensa- 
tion. If  cometary  or  nebulous  gas  passes  from  a  condition  the  same 
as  or  like  what  we  call  simple  gases,  to  that  of  compound 
gases,  its  powers  of  absorption  and  radiation  would,  according  to 
TyndalFs  researches,  be  enormously  increased. 

Professor  Tyndall,  in  his  ^'  Heat  as  a  Mode  of  Motion,''  affirms 
that  the  chances  that  iron  is  in  the  sun  are  1,000,000,000,000,000,000 
to  1,  on  account  of  the  coincidence  of  certain  dark  lines  in  its 
spectrum  with  certain  bright  lines  yielded  when  incandescent 
vapour  of  iron  is  employed  as  the  source  of  light.  This  is  put  forth 
as  an  actual  calculation.  It  may  be  actual  in  the  sense  that 
Professor  Tyndall  actually  made  it,  but  purely  imaginary  at  the 
same  time.  The  elements  for  a  real  calculation  of  the  proba- 
bilities are  not  known.      Very  likely  the  professor  is  right  if  he 
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thinks  only  of  coincidence  arising  from  chance,  but  we  have  no 
information  whatever  concerning  the  probability  that  coincidences 
may  result  from  law.  The  quantity  of  experiments  yet  made  is 
insufficient  to  justify  such  extravagant  assertions,  and  no  one  has 
yet  arriviBd  at  a  law  explaining  why  the  spectra  of  different 
so-called  simple  bodies  vary  exactly  as  is  found  to  be  the  case.  No 
philosopher  really  imagines  that  there  are  scores  of  substances 
which  are  really  simple,  and  if,  as  is  probable,  the  chemist  may  find 
means  of  decomposing  metals,  and  certain  gases,  or  carbon,  who 
can  venture  to  predict  what  fresh  spectra  may  appear. 

Our  purpose  is  by  no  means  to  argue  against  a  balance  of  proba- 
bility that  the  present  interpretations  of  spectroscopic  phenomena  are 
correct,  but  to  point  out  what  we  must  ascertain  and  take  into  account 
before  the  real  probability  of  their  correctness  can  be  estimated. 

Let  us  now  glance  at  certain  points  in  Laplace's  famous  nebu- 
lar theory  as  affected  by  probabilities.  As  we  have  already  stated, 
Mr.  Proctor  has  turned  bis  attention  to  the  subject,  and  we  shall 
not  touch  upon  or  anticipate  matters  which  we  believe  he  has 
under  consideration,  and  which  will  propably  eventuate  in  new 
views.  M.  C.  Delaunay,  in  his  ^'Cours  d^Astronomie,''  gives  a 
very  succinct  and  intelligible  account  of  Laplace's  theory,  which 
begins  with  one  great  nebula,  containing  all  the  matter  to  be 
formed  into  our  sun  and  his  system.  The  great  nebula  revolves 
upon  an  axis ;  and  here  we  ask  whether  any  nebula,  is  known  to  do 
anything  of  the  kind  ?  If  not,  how  was  the  motion  likely  to  arise  ? 
A  progressive  cooling  of  the  nebulous  mass  is  the  next  portion  of 
the  theory,  but  how  do  we  know  that  nebulae  are  hot  ?  If  the  sup- 
posed nebula  consisted  of  intensely-heated  gaseous  matter,  it  would 
contract  in  cooling,  and  the  cooling  would  take  place  by  radiation 
of  its  heat  into  space.  But  if  this  be  granted  as  the  process  of 
world-formation,  account  must  be  taken  of  the  effect  of  condensa- 
tion in  bringing  chemical,  electrical,  and  molecular  forces  into  play. 
As  soon  as  certain  elements  were  brought  near  enough,  there  would 
be  a  great  rushing  together  of  their  atoms,  and  the  condensation 
would  not  follow  the  rule  of  heat,  and  operate  most  rapidly  in  the 
outer  layers  nearest  the  cold  of  space,  but  would  be  quickest  near 
the  centre,  where  the  chemical  affinities  would  act  more  power- 
fully. Laplace's  theory  supposes  that  the  nebula,  in  contracting  as 
it  cooled,  accelerated  its  velocity,  and  threw  off  successive  rings, 
because  the  force  of  gravity,  acting  from  the  centre,  could  not 
keep  the  whole  mass  together  against  the  strong  pull  of  centri- 
fugal  power  arising    from  the    rapid    and    quickening    rotation. 
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Without  knowing  how  much  and  how  quickly  chemical  forces  would 
influence  the  condensation  near  the  central  and  densest  portion 
of  the  cooling  mass  of  vapours,  we  cannot  tell  how  far  this  regular 
process  of  ring  formation  would  be  interfered  with.  It  is  clear  it 
would  not  go  on  as  if  the  gradual  withdrawal  of  heat  by  radiation  were 
the  only  cause  of  change.  If  a  great  bulk  of  gaseous  matter  contracted 
suddenly  by  chemical  action  into  a  molten  mass  of  mineral  matter, 
enormous  heat  would  be  given  out,  and  this  would  aflFect  the  more 
attenuated  matter  immediately  beyond,  while  that  still  farther  off 
would  come  rushing  down  in  great  storms  to  fill  the  void  suddenly 
produced. 

Helmholtz,  cited  by  Tyndall,  estimates  the  heat  occasioned  by 
nebular  condensation  as  prodigious  in  intensity.  Tyndall,  describing 
his  opinions,  says,  that  supposing  the  nebulous  matter  to  be  in  the 
first  instance  of  extreme  tenuity,  and  the  specific  heat  of  the  con- 
densing mass  the  same  as  that  of  water,  then  the  heat  of  condensation 
would  be  sufficient  to  raise  the  temperature  28,000,000°  centigrade, 
or  about  13,000  times  the  heat  of  the  Drummond  light.  A  question 
arises  whether  condensation  would  take  place  under  such  circum- 
stances, or  at  such  a  temperature,  which  we  should  be  inclined  to 
suppose  would  dissociate  all  chemical  compounds.  Nebular  con- 
densation, producing  suns  and  planets,  must  give  rise  to  chemical 
unions,  and  if  heat  were  not  the  cause  of  the  dispersion  of  the  mole- 
cules of  the  nebula  into  the  highly-attenuated  form  of  those  bodies, 
their  condensation  may  not  evolve  heat  as  Helmholtz  supposed. 

If  we  conceive  the  original  nebulous  mass  to  consist  of  some 
ultimate  element,  out  of  which  all  solar  and  planetary  substances 
were  to  be  made,  we  must  imagine  that  as  soon  as  chemical  actions 
began,  and  what  we  call  "  simple  bodies  ^^  were  formed,  there  would 
be  considerable  differences  in  their  specific  gravities,  and  the 
heaviest  would  settle  down,  so  that  the  outer  rings,  which  might 
l)e  thrown  off,  would  contain  lighter  matter  than  the  inner  ones. 
How  far  all  these  things  are  probable,  and  how  far  they  would 
consist  with  the  theory,  must  be  considered  before  the  proba- 
bility of  the  theory  itself  can  Be  estimated.  A  great  convergence 
of  reasons  led  to  the  belief  that  the  solar  system  had  a  common 
origin  from  nebulous  matter,  but  as  yet  no  theory  has  sufficed  to 
comprehend  all  the  particulars  that  have  to  be  accounted  for. 

We  drop  the  subject  of  scientific  probability  at  this  point  for 
the  present,  in  the  hope  of  considering  some  other  time  the  real 
amount  of  evidence  for  many  things  that  are  commonly  believed  in 
other  departments. 
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LUNAR    ACTIVITY. 

BY  W.    B.    BIRT,    F.R.A.S. 
{With  a  Tinted  Plate,) 

Amongst  the  records  of  observations  of  the  moon's  surface  during 
the  last  80  years,  we  meet  with  notices  of  phenomena  apparently 
inexplicable  on  the  principle  of  variation,  either  in  the  visual  angle 
at  which  light  is  reflected  from  the  moon  to  us,  or  in  the  illumina- 
ting angle,  or  that  in  which  the  sun's  light  falls  upon  lunar  objects. 
We  believe  it  was  Schroter  who  first  pointed  out  instances  of  this 
kind,  if  we  except  the  elder  Herachel,  who  remarked  certain  lumi- 
nous appearances  on  the  dark  side  of  the  moon,  which  he  attribnted 
to  the  eruptions  of  active  volcanoes.  The  records  of  Schroter,  bear- 
ing on  this  subject,  are  very  numerous ;  but  are  more  or  less  unsatis- 
factory, on  account  of  the  absence  of  referring  them,  by  a  proper 
mode  of  discussion,  to  such  agencies  as  are  above  alluded  to,  and 
which  we  know  are  fruitful  sources  of  producing  apparent  change. 
Most,  if  not  all,  of  Schroter's  instances  have  been  questioned ;  indeed, 
it  has  been  said  that  all  were  ^^  illusions,'^  and  at  the  present  period 
of  lunar  research  the  works  of  the  first  selenographer,  who  thought 
it  worth  his  while  to  examine  the  surface  of  the  moon  in  detail,  are 
little  thought  of.  Gruithuisen  and  Lohrmann  followed,  and  we  also 
find  notices  in  astronomical  works,  about  the  period  in  which  they 
wrote,  of  others.  Gruithuisen  certainly  had  a  good  eye,  and  if  he 
had  eschewed  theorizing,  his  works  would  doubtless  have  been  in 
greater  request  than  they  are  at  present.  Lohrmann's  map  is  one 
that  can  be  consulted  with  great  advantage,  and  those  portions  of 
his  sections  which  have  been  published,  are  a  great  help  to  the 
student,  who  seeks  to  know  the  then  state  of  any  particular  por- 
tion, records  of  which  are  preserved  in  the  sections,  presuming  that 
he  faithfully  recorded  what  he  saw.  The  great  work  in  Seleno- 
graphy, as  every  one  knows,  is  the  large  map  of  Beer  and  Madler, 
and  the  accompanying  letter-press  "  Der  Mond.''  This  has  been 
considered  as  so  complete  that  very  little  is  left  to  add  to  it,  yet  we 
find  that  another  map  of  about  twice  the  size  has  recently  been 
completed  by  Schmidt  of  Athens,  and  of  late  years  a  considerable 
impulse  has  been  given  to  the  study  of  Selenography,  with  great 
promise  of  making  still  further  advances  in  it. 

If  any  one  will  take  the  trouble  to  compare  the  existing  seleno- 
graphical  records  which  we  possess,  more  especially  as  regards  the 
smaller  objects,  he  will  soon  be  startled  by  detecting  diflferences 
between  them,  and  as  the  best  way  of  settling  these  differences  he 
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refers  to  the  great  original,  and  finds  it  very  difficult  to  reconcile 
them,  either  with  each  other  or  the  moon — for  he  soon  discovers 
that  the  appearance  of  any  given  object  alters  from  night  to  night, 
and  it  is  not  long  before  he  refers  most  of  the  altered  appearances, 
which  he  witnesses,  to  the  different  directions  in  which  the  sun's 
light  falls  upon  it.  He  also  notices  that  the  forms  of  objects  vary 
quite  independently  of  the  direction  of  the  incident  light,  and 
iJiat  this  alteration  in  the  form  of  an  object  is  connected  with  its 
approach  to,  or  recess  from,  the  nearest  edge  or  limb  of  the  moon^ 
and  in  consequence  he  is  disposed  to  regard  all  such  alterations  as 
merely  apparent.  It  is,  however,  manifest,  that  in  order  to  be 
certain  that  alterations  in  the  appearance  and  form  of  an  object  are 
only  apparent,  correct  records  of  them  should  be  preserved,  accom* 
panied  with  the  time  (Greenwich  mean  time  is  best)  at  which  they 
were  noticed,  the  position  of  the  moon  (latitude  and  anomaly),  the 
distance  of  the  sun  from  the  moon^s  ascending  node,  which  gives 
the  season  at  the  moon,  and  the  elements  for  computing  the  sun's 
altitude  and  azimuth  at  the  object  for  the  time  of  observation.  A 
discussion  of  a  long  series  of  observations  of  any  one  spot,  with 
reference  to  these  elements,  could  not  fail  of  showing  if  all  the 
altered  appearances  were  referable  to  alterations  in  the  angles 
above-mentioned. 

Schroter,  as  before  remarked,  has  accumulated  in  his  ^'  Seleno- 
topograpische  Fragmente^'a  large  number  of  observations  of  the  kind 
above  alluded  to,  and  although  he  did  not  discuss  them  in  reference 
to  illuminating  and  visual  angles,  yet  he  regarded  them  as  indica- 
ting the  operation  of  agencies  more  or  less  connected  with  the 
moon,  such  as  volcanic  or  atmospheric,  for  he  speaks  of  new  craters, 
and  refers  on  many  occasions  to  phenomena,  which  to  him  appeared 
to  result  from  an  atmosphere  preventing,  for  example,  the  inspection 
of  the  depths  of  well-known  craters  and  other  objects.  I  should 
hardly  have  referred  to  these  instances  of  Schroter,  had  not  phenom- 
ena of  the  same  kind  presented  themselves  of  late  years.  In  the 
'•'  Supplemental  Monthly  Notice  of  the  Royal  Astronomical  Society ,'' 
Vol.  xxiv.,  for  the  years  1863-1864,  is  a  paper  by  the  Rev.  T.  W. 
Webb,  on  certain  suspected  changes  in  the  lunar  surface.  After 
directing  the  attention  of  his  readers  to  these  supposed  changes^ 
and  disposing  of  the  question  as  to  their  being  affected  by  libration^ 
he  says, ''  It  remains  that  they  must  be  accounted  for  as  far  as  I  can 
see,  either  by  the  supposition  of  inadvertency  on  the  part  of  former 
selenographers— of  actual  physical  alteration  of  surface — or  of  some 
kind  of  obscuration  arising  from  eruptive  action,  or  &om  the  changed 
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conditions  of  a  possible  lunar  atniosphei*e — ^an  alternative  due  to 
Schroter  who  frequently  had  recourse  to  it  in  order  to  explain 
appearances^  of  wUdi  it  seemed  to  turn  that  no  equally  reasonable 
account  could  be  given/'  In  the  course  of  my  own  observations  I 
have  met  with  many  instances  similar  to  those  given  by  Schroter 
and  Webb,  and,  indeed,  my  late  experience  is  such  that  I  am  very 
strongly  disposed  to  withdraw  altogether  Mr.  Webb's  first  alter- 
native and  exonerate  my  predecessors  from  the  charge  of  "  inadver- 
tency^" as  from  the  late  observations  of  the  floor  of  Plato,  to  which 
I  shall  presently  allude,  I  am  satisfied  that  many  of  the  supposed 
omissions  of  Lohrmann,  Beer  and  Madler,  and  others,  really  arose 
from  the  omitted  objects  not  having  been  visible  at  tba  time  they 
were  observing. 

The  strongest  instance  of  supposed  change  on  the  sorfaee  of  the 
moon,  is  tiiat  of  Linn^.  This  has  not  been  substantiated,  for  we 
cannot  consider  that  a  mobted  point  is  settled,  unless  the  most 
incontrovertible  and  irrefragable  proof  be  offered.  The  assertion 
that  the  state  of  linn^,  at  present,  does  not  agree  with  that  repre- 
sented by  the  drawings  of  Lohrmann^  Beer  and  Madler^  and 
Schmidt,  eadi  having  been  made  at  different  and  somewhat  widely 
separated  epochs,  and  neither  of  them  confirmed  by  contempora- 
neous observiitions,  may  be  regarded  as  inconclusive  as  that  of  there 
having  been  no  change ;  each  is  destitute  of  the  necessary  proof  to 
establish  it,  for  of  the  drawings  it  has  been  said,  '^  they  are  merely 
conventional'';  and  although  it  is  true  that  Lohrmann  describes 
Linn^  '^  as  a  very  deep  crater,"  which  it  is  certainly  not  at  present 
of  the  size  represented  by  him,  yet  it  seems  that  the  evidence 
drawn  from  this  statement  is  so  weak,  as  not  at  all  to  weigh  against 
the  opposite  conclusion  of  '^  no  change  ";  and  this  lacks  in  a  similar, 
or  even  greater  degree,  its  proof,  for  no  steps  have  as  yet  been 
taken,  so  far  as  I  am  aware,  to  discuss  the  observations  of  Linn^, 
which  we  now  possess,  in  reference  to  the  elements  of  visual  and 
illuminating  angles,  in  order  to  ascertain  if,  since  the  observation  of 
Schmidt  on  the  16th  October,  18d6,  Linn^  has  remained  in  precisely 
the  same  condition,  and  that  the  white  cloudy  spot  always 
appears  when  the  sun  attains  the  same  altitude  as  he  ascends  above 
the  horizon,  aud  disappears  always  at  the  same  altitude  as  he 
descends  towards  it. 

More  than  two  years  ago,  Herr  Tempel  called  attention  to  the 
small  white  spots  so  numerously  seen  on  the  moon's  surface, 
especially  about  the  time  of  fall,  and  intimated  that  they  might  be 
Ihe  result  of  a  cheoiically  warm  activity.     To  test  this  suggestioa 
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is  a  matter  of  no  little  difficulty.  If  the  spots  be  due  to  action  now 
going  oir,  how  can  we  get  at  it  ?  The  only  way  appears  to  be,  to 
ascertain  if  under  similar  conditions  of  illumination  and  libration 
they  are  always  visible.  They  are  so  very  numerous,  that  to  ex- 
amine this  question  a  selection  of  a  few  is  absolutely  necessary,  but 
even  if  this  be  done,  we  need  in  the  first  instance  powerful  teles- 
copes, in  the  second  active  and  persevering  observers,  in  the  third 
many  such  observers,  and  in  the  fourth  a  present  and  constant  dis* 
cussion  of  the  observations  made,  in  order  to  determine  which  of 
the  spots  selected  have  been  visible  during  a  certain  period,  and 
which  invisible.  My  acquaintance  with  the  floor  and  surroundings 
of  Plato,  prompted  me  at  once,  on  receiving  a  drawing  of  eleven 
spots,  seen  by  Mr.  Pratt  of  Brighton,  on  the  evening  of  Feb.  23, 
1869,  to  endeavour  to  organize  a  course  of  observation  for  the 
object  of  testing  Herr  Tempers  suggestion,  and  Mr.  Edward 
Crossley  of  Halifax,  entered  very  warmly  into  the  subject,  and 
requested  his  assistant,  Mr.  Joseph  Gledhill,  sedulously  to  observe 
the  spots  and  markings  on  the  floor  of  Plato,  with  his  9*3  achro- 
matic, by  Cooke.  Both  Mr.  Gledhill  and  Mr.  Pratt,  with  his  eight 
inch  silvered  glass  reflector,  have  continued  their  observations  to 
the  present  time,  and  other  gentlemen  have  also  assisted.  I  have 
received  the  observations  regularly,  and  as  regularly  have  discussed 
them,  and  succeeded  in  obtaining  the  following  results. 

First. — ^The  number  of  spots  which  have  been  actually  seen  on 
the  floor  of  Plato  is  32,  of  these  a  few  are  very  small  craters. 

Second. — The  number  of  separate  light-markings  on  the  floor 
is  20. 

Third. — Both  spots  and  markings  are  exceedingly  variable  in 
their  visibility.  Small  portions  of  the  markings  and  but  few  spots 
being  visible  at  any  given  moment. 

Fourth. — ^Regarding  the  central  spot  on  the  floor  as  the  stand- 
ard, and  assigning  to  it  the  numerical  value  of  1000,  it  is  easy  to 
determine  in  reference  to  the  central  spot  the  degree  of  visibility  of 
each  of  the  others:  417  observations  between  Feb.  22  and  Nov.  27, 
1869,  have  been  employed  for  this  purpose. 

Fifth. — On  dividing  the  417  observations  into  two  groups,  viz  : 
246  from  Feb.  22  to  Sept.  27  inclusive,  and  230  from  August  16 
to  Nov.  26  inclusive,  59  being  common  to  each,  and  determining 
for  each  group  the  degree  of  visibility  of  each  spot,  we  find,  as 
given  in  the  following  table,  a  great  irregularity  in  the  increase 
and  decrease  of  visibility  in  the  latter,  as  compared  with  the 
former  period ;  but  on  plotting  down  the  signs  of  the  differences^ 
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we  find  an  arrangement  which  indicates  at  least  some  regularity  in 
the  distribution  of  increase  and  decrease,  thus  the  spots  which  have 
manifested  an  increase  of  visibility,  are  fonnd  on  the  central  part 
of  the  floor  stretching  from  west  to  east.  In  the  large  group  of 
increased  visibility,  only  one  ;spot.  No.  1 0,  is  found  that  has  de- 
creased ;  the  remaining  eight  spots  that  have  decreased  are  fonnd, 
three  in  the  S.W.  quadrant  of  Plato  and  five  near  the  north  border. 


SPOTS  OK  PLATO. 


GrrnithniHD 

Oraithmaeii 

GraithuiBai 

Dobie 

Pratt 

Gledhill 
Plammer 
Pratt 

Pratt 

Hadler 

OledhiU 

QledhiU 

EnoCt 

Knott 

HUler 

Pratt 

Blger 

GledhUl 

GledhiU 
QledhiU 
Pratt 


I  Oentral  eaaj,  mnerally  of  the  nune  appe&rance. 
I  Seen  twice  by  GJcdhill  uad  thrice  by  PratL 
I  Dawea'g  doable  craCer,  frfqaently  eeea  slDf^le. 
Dejnrb  of  ten  from  trpi  ^  state,  Been  double  by  Pratt 
!  Not  Been  bo  freonently  as  8. 
;  Setn  by  Pratt,  Gledhill,  Elger,  and  Cook. 
Seen  by  GledhUl,  Pratt  and  EUer. 
I  Seea  by  Pratt  and  probably  by  GledhilL 
Seen  by  DaweB,  and  Utely  by  Gledbill  and  Pratt. 
!  Been  by  Gledbill  and  Elger. 
I  Seen  only  by  Gledbill  on  tirelre  occaaioiis. 
I  Seen  only  by  Qledliill  on  foar  occaaionB- 
:  On  coned  streak  in  N.W.  freqnently  Been. 
On  central  arm  of  "  Trident,"  frequently  aeen. 
■071 1 +  1M1 1  Sean  only  by  Gledhill  on  two  oocasiona. 

On  carved  gtreafc  in  N,W.,  oooasuinRUy  aeen. 

On  west  edge  of  sector,  frequently  seen. 
Seen  only  by  Gledbill  on  six  occasions. 
On  cnrred  etreak  in  N.W.,  frequeutly  eeoD. 
Neat  north  border,  seen  hy  Pratt  and  Gledbill- 
Near  north  bi.rdi-r,  eeen  by  Pratt  and  Gledhill. 

lately  by  Gledhill,  Pratt,  Eleer,  and  Cook. 
Seen  once  by  Pratt,  anJ  thrice  by  Gledbill. 
Diacorered  by  Elger,  13Se,  Ko>.  20,  and  seen  five 

timeB  by  bim  since. 
Discovered  by  Elger,  18B9,  Oct,  IS,  and  seen  fire 
timea  by  bim  since,  sIbo  tnice  by  Pratt  aud 
once  by  GladhiU. 
Diaoovered  1880,  Oct.  25,  at  foot  of  S.E.  border 


Di»covered  18li9.  0 
base  of  anotor. 
DiBOorered  18  >9,  Nov.  15.  leen 


Oct.  26,  at  foot  of  S.E.  border 
S,  at  foot  of  S.E.  border 
by  GledhiU. 


The  fact  of  bnt  few  spots  having  been  seen  at  any  given  moment 
is  very  suggestive,  and  seems  to  indicate  that  if  the  spots  be  due 
to  present  action,  it  is  intermittent,  the  spots  being  visible  only  at 
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the  time  when  it  is  in  operation.  The  observations  are  at  present 
far  too  few  on  which  to  found  anything  in  the  least  degree  approxi- 
mating to  a  theory,  especially  as  so  many  sources  of  difficulty  exist 
in  arriving  at  a  satisfactory  conclusion.  Even  if  the  eflFects  of  the 
earth's  atmosphere  were  eliminated,  personality  enters  so  largely, 
that  it  will  require  a  very  long  series  of  observations  by  several 
observers  to  get  rid  of  its  eflTects;  nevertheless,  the  principle 
adopted  is  calculaterl  to  eliminate  both.  A  remarkable  instance  of 
the  effects  of  the  earth's  atmosphere,  occurred  on  the  evening  of 
the  15th  Nov.,  1869.  Mr.  Gledhill  at  Halifax,  who  mostly  sees  the 
larger  number  of  spots,  recorded  on  that  evening,  8  to  9  G.M.T., 
only  4.  Mr.  Pratt  at  Brighton,  from  9.45  to  10.30  recorded  18. 
The  difference  in  this  case  can  only  be  referred  to  the  different 
states  of  the  earth's  atmosphere  at  the  two  stations.  When,  how- 
ever, we  find — during  two  consecutive  periods,  one  of  eight  months, 
the  other  of  three  months — 246  and  2'iO  observations  by  various 
observers  respectively,  contributing  to  the  results — the  increase 
and  decrease  of  visibility  arrauged  somewhat  symmetrically  on  the 
floor  of  Plato,  we  are  disposed  to  hesitate  in  referring  all  the  dif- 
ferences of  visibility  to  the  effects  of  the  earth's  atmosphere. 
Nevertheless,  one  point  has  been  gained,  a  knowledge  of  the  inter- 
mittent visibility  of  the  spots,  as  they  are  not  all  simultaneously 
visible,  even  with  good  states  of  the  earth's  atmosphere,  and  the 
great  probability  of  their  permanency.  The  following  table  contains 
a  record  of  the  markings  on  Plato  hitherto  observed. 

Light  Mabkings  on  Plato. 

a    Trident,  very  rarely  seen  complete. 

b     Sector,  almost  always  visible,  Gledhill  and  Elger  give  it 

fan-shaped  from  spot  No.  4. 
d     Stem  of  Trident,  not  often  seen, 
f     S.E.  arm  of  Trident,  brightest  near  the  border,  frequently 

visible. 
€     Central  arm  of  Trident,  brightest  near  border,  frequently 

visible. 
e     N.W.  arm  of  Trident,  seen  at  times  bifurcated. 
0     S.E.  bifurcation  of  N.W.  arm  of  Trident. 
8     N.  bifurcation  of  N.W.  arm  of  Trident. 
/     Short  streak  on  W.  part  of  floor,  seen  by  Elger  in  1866. 
g     Long  streak  on  W.  part  of  floor,  seen  by  Birt  in  1863. 
A     Short  streak  on  N.W.  part  of  floor,  in  a  line  with/,  seen  by 

Elger  in  1866. 
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«     Curved  streak  on  N.W.  part  of  floor,  W.  of  spot  No.  16. 

a     Straight  streak  through  or  near  spot  No.  16. 

%     Webb's  Kght  elbow  adjoining  N.W.   border,  rarely  seen 
of  late. 

K    Curved  streak  on  N.W.  part  of  floor,  E.  of  spot  No.  16. 

/S    Streak  from  3  to  N.E.  border,  nearly  parallel  with  a. 

fl     Streak  from  4  to  E.  border,  nearly  parallel  with  /S. 

7     Streak  from  6  to  E.  border,  nearly  parallel  with  ^. 

I     Branch  from  Sector  to  E.  border,  seen  by  Pratt. 

n     Streak  across  the  floor,  from  N.N.E.  to  S.S.W.,  through 
spot  No.  1,  seen  by  Birt  in  1863. 
The  Greek  letters  are  Mr.  GledhilFs  designations,  he  being  the 
authority  for  the  streaks  except  €  and  f,  which  have  been  observed 
previously ;  the  italics  are  mine. 

Mr.  Elger's  drawings  (Oct.  to  Nov.,  1866),  bear  great  testimony 
to  the  hypothesis  of  the  markings  hQmgjpemianent,  All  the  streaks 
which  Mr.  Elger  observed  in  that  year  have  been  re-observed  in 
1869  by  Mr.  Gledhill,  I  am  able  to  make  out  20  distinct  markings 
as  seen  by  Mr.  Webb,  Mr.  Baxendell,  Dr.  Dobie,  Mr.  Elger,  Mr. 
Pratt,  Mr.  Gledhill,  and  myself.  These  markings  are  very  variable 
in  their  visibility.  There  is  one  peculiarity  which  is  somewhat 
striking,  they  appear  to  be  brightest  nearest  the  border. 
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ON    POISONS. 

BY     F.     S.     BABPP,     M.A. 

(Christ  ColLf  Cambridge), 

Aesistaxit  to  Professor  Williamson,  University  College. 

No.  II. 

Living,  as  we  do,  in  an  age  when  scientific  discoveries  have  rendered 
the  detection  of  certain  poisons  comparatively  easy,  we  have  no  fear 
of  systematic  poisoning,  as  it  was  at  one  time  carried  on  in  Europe. 
The  idea  of  a  person  dying  slowly  from  a  poison  intentionally  ad- 
ministered but  rarely  enters  the  mind,  and  but  few  cases  of  slow 
poisoning  have  occurred  in  this  century.  There  is  something  posi- 
tively fiendish  in  the  disposition  which  can  bear  to  be  the  cause  of 
the  terrible  sufiering  produced  by  the  continued  administration  of 
small  doses  of  an  irritant  poison.  One  would  think  that  the  anxious 
looks,  indicative  of  more  than  bodily  pain,  the  excruciating  agony, 
the  delirious  excitement,  the  blood-shot  eyes,  the  nervous  twitching 
of  the  body  of  the  sufierer  would  appeal,  and  not  in  vain,  to  the 
poisoner  for  mercy.  But  to  such  depths  of  brutality  can  human 
beings  fall,  that  history  tells  us  of  one  who  caused  the  death  of  not 
less  than  six  hundred  persons  by  a  poison  which  owed  its  efiects 
mainly  to  arsenic.  A  woman  named  Tofiania,  at  Naples,  in  the 
seventeenth  century,  sold  a  poison  which  was  called  Aqua  della 
Toffania,  also  Acquetta  de  Napoli.  Six  or  eight  drops  of  this 
poison  were  sufficient  to  destroy  life.  She  was  discovered  and  im- 
prisoned in  1709.  Confession  of  her  crimes  was  extorted  by  the 
rack.  She  was  afterwards  strangled.  The  best  authorities  assert 
that  this  acquetta  contained  arsenic.  The  effects  produced  by  this 
poison,  which  was  tasteless  and  clear  as  water,  are  given  by 
Dr.  Christison.  '^A  certain  indescribable  change  is  felt  over  the 
whole  body,  which  leads  the  person  to  complain  to  his  physician. 
The  physician  examines  and  reflects,  but  finds  no  symptoms,  either 
external  or  internal — no  constipation,  no  vomiting,  no  inflammation, 
no  fever.  In  short,  he  can  advise  only  patience,  strict  regimen, 
jind  laxatives.  The  malady,  however,  creeps  on,  and  the  physician 
is  again  sent  for.  Still  he  cannot  detect  any  symptom  of  note.  He 
infers  that  there  is  some  stagnation  or  corrupting  of  the  humours,  and 
again  advises  laxatives.  Meanwhile  the  poison  takes  firmer  hold  of 
the  system ;  languor,  weariness,  and  loathing  of  food  continue ;  the 
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nobler  organs  gradually  become  torpid^  and  the  langs  in  particular 
at  length  begin  to  suffer.  In  a  word^  the  malady  is  from  the  fir^t 
incurable ;  the  unhappy  victim  pines  away  insensibly,  even  in  the 
hands  of  the  physician;  and  thus  is  he  brought  to  a  miserable  end 
through  months  or  years,  according  to  his  enemy^s  desire/^  In 
the  description  given  by  Hahneman  of  the  effects  of  this  poison,  the 
sufferings  are  stated  to  be  most  intense.  In  a  later  case,  in  which 
.Dr.  Christison  was  consulted  by  the  Crown,  where  death  was  pro- 
duced by  slow  poisoning  by  arsenic,  the  symptoms  were  of  a 
character  too  painful  to  be  recorded  here.  The  symptoms  of  acute 
poisoning  by  arsenic  have  abeady  been  described  in  the  first  article 
on  poisons.*  In  slow  poisoning  they  differ  in  some  respects,  the 
effect  of  the  poison  on  the  nervous  system  is  more  marked  j  there  is 
frequently  paralysis  of  the  Umbs,  partial  or  entire.  It  sometimes 
begins  iu  the  hands,  and  then  extends  to  the  arm.  Sometimes 
epileptoid  seizures  occur,  and  sometimes  there  are  spasms,  such  as 
occur  in  tetanus  (lock-jaw).  Even  after  recovery,  the  paralytic 
state  frequently  continues  for  some  time.  A  case  is  related  by 
Amatns  Lusitanus  in  which  mania  occurred,  the  person  became  so 
mad  as  to  burst  his  fetters,  and  jump  out  of  the  window  of  his 
apartment. 

It  has  already  been  stated  that  arsenic  is  used  in  the  manu- 
facture of  candles.  Some  years  ago,  some  experiments  were  made 
by  Mr.  Everitt  on  German  candles.  A  great  many  examples  of  the 
so-called  German  wax  or  stearine  composition  candles  were  ex- 
amined, and  found  to  contain  arsenious  acid  in  varying  quantities, 
from  as  much  as  ten  grains  to  eighteen  grains  in  the  pound. 
Mr.  Everitt  also  made  experiments  to  determine  in  what  form  the 
arsenic  leaves  the  candle  during  burning.  He  passed  the  products 
of  combustion  into  a  glass  bulb,  and  through  a  tube  eighteen  inches 
long  and  one  inch  wide,  which  was  kept  cooh  A  quantity  of  water 
was  condensed  in  the  tube,  which  was  found  to  contain  arsenious 
acid.  A  small  quantity  of  a  white  sublimate  was  collected  in  that 
part  of  the  tube  immediately  over  the  candle,  which  was  proved  to 
be  arsenious  acid.*  It  was  also  discovered  that  the  arsenic  was  used 
in  the  form  of  arsenious  acid,  for  when  different  parts  of  a  candle 
were  analysed,  it  was  found  that  the  upper  part  contained  more  of 
this  substance  than  the  lower ;  and  this  would  be  accounted  for  by 
the  fact,  that  candles  are  allowed  to  cool  with  their  tops  downwards, 
so  that,  while  cooling,  the  arsenious  acid  would  by  its  weight,  for  it 

•  Page  8. 
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is  heavy^  sink  down  to  the  lower  part  of  the  caadle-iiiotild.  From 
this  irregularity  of  the  mixture-  in  one  candle^  it  may  ftb&rly  be  con- 
cluded that  there  might  be  an  irregularity  in  the  composition  of  the 
mixture  of  which  the  candles  are  made^  and  thas  a  large  quantity  of 
arsenic  might  be  collected  in  any  one  particular  candle^  and  80>  very 
dangerous  consequences  might  ensue.  We  shall  have  again  to 
revert  to  arsenic^  when  the  method  of  seperrating  poisons  from 
organic  mixtures  is  explained. 

Next  to  arsenic^  the  chemist  usually  considers  antimony,  from 
the  analogies  which  exist  between  them ;  but  the  toxicologist, 
regarding  poisons  from  their  action  on  the  body,  places  mercury 
next  in  succession.  The  salt  of  mercury,  which  most  commonly 
produces  poisonous  effects,  is  called  corrosive  sublimate — ^it  destroys 
the  membranes  with  which  it  comes  in  contact,  corroding  them 
rapidly.  When  applied  to  the  skin  of  the  body  in  strong  solution, 
it  destroys  it,  and  causes  it;  to  peel  off.  This  substance  is  eminently 
a  corrosive  poison,  no  sooner  has  it  been  swallowed,  than  its 
effects  are  felt,  even  before  it  has  passed  into  the  stomach,  its 
peculiar  metallic  (styptic)  taste  being  easily  recognized.  The 
vapour  of  corrosive  sublimate  is  exceedingly  irritating  to  the  mucous 
surfaces,  and  after  it  has  been  once  smelt,  it  is  not  easy  to  forget 
its  odour.  Corrosive  sublimate  (bichloride  of  mercury),  or  as  it  is 
called  by  chemists,  mercuric  chloride,  is  a  white  crystalline  substance, 
it  is  heavy,  and  so  great  is  its  weight,  that  it  serves  to  distinguish  it 
from  other  crystalline  substances  used  in  medicine.  It  is  formed  by 
the  direct  union  of  mercury  and  chlorine  gas,  and  the  relative  pro- 
portions in  which  these  elements  unite  to  form  it,  are  200  parts  of 
mercury,  by  weight,  to  71  of  chlorine.  It  is  usually  made  by 
heating  mercuric  sulphate  with  common  salt ;  296  parts,  by  weight, 
of  the  former,  with  117  parts  of  the  latter.  Sodic  sulphate  is  formed, 
and  mercuric  chloride  passes  over  in  the  state  of  vapour,  and  is 
condensed.  Corrosive  sublimate  is  very  soluble  in  water,  but  more 
so  in  ether.  When  a  solution  of  it  in  water  is  shaken  up  with  ether, 
the  ether  takes  the  corrosive  sublimate  from  the  water,  and  being 
lighter  than  water,  it  floats  on  its  surface.  This  property  is  made 
useful,  as  will  be  afterwards  seen,  in  the  description  of  the  analysis 
for  mercury.  Common  salt  assists  its  solution  in  water,  and  this  is 
also  a  matter  of  importance,  as  salt  being  used  as  an  article  of  food, 
is  often  present  in  considerable  quantities  in  the  stomach.  It  is 
more  soluble  in  alcohol  than  in  water,  and  in  boiling  than  in  cold 
water.  It  is  usually  seen  in  the  form  of  a  white  powder,  often  con- 
taining fragments  of  crystals.     If  this  powder  be  gently  heated  in  a 


ov  foaoN0.  *  171 

redaction  tttbe^  it  wholly  volatilifles^  and  agMiv  deposits  on  tile  oool 
part  of  the  tube.  The  GrysFtialliae  forms  which  it  assumes  are  rery 
beaatiftd.  If  the  reduction  tube  be  very  small^  abont  one  inch  long 
and  a  quarter  of  an  indi  wide^  it  is  easy  to  sublime  it>  and  collect  it 
on  a  glass  slide  for  microscopical  observation. 

The  crystals  are  needle-shaped,  intermixed  with  beantiftd  stel- 
late forms.  It  will  be  necessaiy  to  recur  to  these  various  crystalline 
forms  when  treating  of  the  analysis  for  mercury.  Corrosive  sub- 
limate is  used  in  medicine,  but  in  rory  small  doses,  in  scaly  diseases 
of  the  skin,  and  as  an  alterative  in  certain  chronic  diseases.  It  is 
also  applied  externally  in  the  forms  of  lotions  and  gargles,  to 
diseased  mucous  surfaces,  and  sometimes  in  ointments  in  chronic 
skin  diseases.  When  taken  in  poisonous  doses,  it  acts  as  a  very 
powerful  irritant,  causing  a  burning  pain  in  the  epigastrium  (the 
region  over  the  stomach),  vomiting  and  purging.  These  symptoms 
come  on  almost  as  soon  as  the  poison  has  been  swallowed;  the 
throat  appears  to  be  stopped  up,  or  constricted ;  the  styptic  taste 
before  alluded  to,  is  at  once  perceived,  and  resembles  the  sensation 
produced  by  sucking  a  penny.  The  throat  becomes  tender,  and 
pain  is  increased  by  pressure.  The  rapidity  with  which  the  throat 
symptoms  come  on  is  so  great,  that  persons  have  been  warned  in 
time,  while  in  the  act  of  swallowing,  and  have  ceased  to  drink  the 
fatal  poison.  With  corrosive  sublimate,  the  throat  symptoms  are 
much  more  marked  than  in  arsenic  poisoning,  that  is,  if  the  solution 
be  not  too  largely  diluted.  Occasionally  death  has  occurred  without 
the  poison  passing  into  the  stomach.  A  young  woman  who  tried  to 
swallow  tvro  drachms  of  corrosive  sublimate,  in  the  solid  state,  was 
unable  to  force  it  down  on  account  of  the  constriction  of  the  gullet. 
She  died  in  six  days,  of  mortification  of  the  throat.*  The  stomach 
symptoms  are  usually  very  decided,  the  pain  which  is  felt  is  increased 
by  pressure,  but  in  some  cases  it  is  absent.  The  matters  brought 
from  the  stomach  by  vomiting  are  usually  viscid  and  stringy,  and 
contain,  often,  large  quantities  of  blood.  In  this  respect  there  is 
some  difference  from  the  eflBects  produced  by  arsenic — corrosive 
sublimate,  acting  more  as  a  corrosive  and  local  irritant,  causes 
greater  discharges  of  blood.  The  countenance  varies  under  the 
action  of  these  two  poisons ;  by  arsenic  it  is  sometimes  caused  to 
have  a  ghastly  and  contracted  appearance,  but  with  corrosive  sub- 
limate it  is  swollen  and  flushed ;  in  this  respect,  however,  there  are 
differences  in  different  cases,  for  some  have  a  pale  and  anxious  look. 

*  Case  related  by  Dr.  J.  Johnetone,  leoorded  by  Dr.  OhnrtiMQ. 
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The  pulse  is  always  quick^  sometimes  it  is  full ;  in  others  it  is  small, 
as  it  varies  with  the  condition  of  the  patient,  for  he  may  be  either 
in  a  state  of  fever  or  of  collapse. 

Death  usually  occurs  by  syncope,  i.e.,  in  a  fit  of  fainting:  it 
may  be  preceded  by  convulsions,  or  may  take  place  in  a  fit  of  them. 
Diarrhoea  is  generally  very  profuse ;  but  other  excretions  are  gene- 
rally suppressed.  Corrosive  sublimate  seems  to  affect  the  nervous 
system  more  than  arsenic  during  the  inflammatory  stage;  the 
tendency  to  drowsiness  is  greater,  tremors  and  twitchings  of  the 
extremities  are  more  marked  and  frequent.  There  is  more  stupor, 
sometimes  absolute  coma,  and  sometimes  paralysis  of  the  lower  half 
of  the  body. 

The  quantity  of  corrosive  sublimate  necessary  to  cause  death  is 
not  easily  ascertained.  A  child  has  been  killed  by  three  grains,  and 
recovery  has  taken  place  after  as  much  as  half  an  ounce  has  been 
swallowed.  The  time  in  which  the  poison  causes  death  is  also  very 
uncertain ;  it  varies  from  two  hours  and  a  half  to  eleven  days.  It 
must  be  remembered  that  corrosive  sublimate  is  much  more  solable 
than  arsenious  acid^  that  its  effects  manifest  themselves  earlier^  and 
that  from  its  solubility  it  may  be  more  easily  got  out  of  the  body. 
Arsenious  acid  has  been  found  adhering  to  the  coats  of  the  stomach 
after  several  days,  and  even  encysted  by  the  mucous  secretion  of 
the  stomach. 

Again,  soluble  mercury  salts  form  compounds  with  certain 
organic  substances  which  they  meet  with  in  the  stomach,  and 
these  compounds  are  not  dissolved,  and  therefore  remain  harmless 
until  they  are  got  rid  of.  For  these  reasons  large  doses  may  be 
taken  whose  effects  may  be  modified,  and  so  it  is  hardly  fair  to  say 
that  such  a  quantity  as  half  an  ounce  can  be  taken  without  fatal 
results.  A  strong  girl  swallowed,  soon  after  supper,  a  drachm  of 
corrosive  sublimate,  dissolved  in  beer.  In  a  few  minutes  she  was 
found  on  her  knees  in  great  torture.  AH  the  primcuy  symptoms  of 
this  kind  of  poisoning  were  present  in  their  most  violent  form : 
burning  in  the  stomach,  extending  towards  the  throat  and  mouth, 
followed  in  a  short  time  by  vomiting  of  mucous,  and  then  of  biUous 
and  bloody  matters.  The  usual  phenomena  attending  the  excretions 
were  observed.  The  pulse  was  small  and  contracted,  the  counte- 
nance anxious,  and  stupor  considerable,  which  was  interrupted  by 
fits  of  increased  pain.  Subsequently  the  pain  in  the  stomach 
became  much  easier,  but  that  in  the  throat  worse.  At  length,  in 
the  course  of  the  second  day,  a  profuse  discharge  of  saliva  took 
place,  the  gums  became  spongy  and  tender,  and  the  patient  died  on 
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the  fourtli  day.*  In  tliis  case  no  doubt  the  food  taken  modified  the 
action  of  the  poison  on  the  stomachy  and  death  seems  to  have 
resulted  from  salivation,  which  is  usually  considered  to  be  a 
secondary  effect  of  mercurial  poisoning.  As  to  the  time  in  which 
death  may  occur,  Dr.  Taylor  relates  the  case  of  a  man  aged  thirty, 
who  was  found  dead.  He  had  vomited  some  half-digested  food. 
Netir  him  was  a  drinking-horn  containing  about  three  drachms  of 
corrosive  sublimate.  It  was  ascertained  at  the  inquest  that  he  had 
died  from  the  effects  of  this  poison.  The  man  was  last  seen  alive 
at  half-past  eleven  the  preceding  evening,  and  was  found  dead  at 
seven  in  the  morning.  His  extremities  were  cold,  and  it  was 
inferred  that  he  could  not  have  been  dead  less  than  six  hours. 
This  would  make  the  duration  of  life  only  two  hours  after  taking  the 
poison. 

Mercurial  salts,  when  taken  in  large  doses,  or  in  small  con- 
tinuous doses,  generally  produce  what  is  called  salivation,  the  teeth 
become  loose,  the  gams  spongy  and  tender,  the  breath  foeted 
(having  an  odour  peculiar  to  this  affection),  and  the  saliva  flows 
freely.  All  persons  are  not  liable  to  it.  Some  seem  to  resist  the 
action  of  mercury  altogether  in  this  respect,  others  are  affected  by 
exceedingly  small  doses ;  and  between  these  two  extremes  there  are 
great  variations  in  the  effects  produced  by  mercury  compounds. 
Salivation  may  in  its  more  severe  forms  produce  most  alarming 
symptoms.  The  face  swells,  the  eyes  are  closed,  the  tongue  may 
swell  so  as  almost  to  produce  suffocation,  idceration  of  the  throat 
may  occur ;  exfoliation  of  the  bones,  and  gangrene  and  death  may 
ensue  from  this  secondary  action  of  mercury.  Now,  inasmuch  as 
some  persons  are  more  easily  acted  upon  by  mercury  than  others,  it 
is  clear  that  if  a  small  dose  of  a  mercurial  salt  can  produce  sali- 
vation, and  saUvation  may  cause  death,  a  small  dose  may  cause 
death  in  this  way.  And  here  great  difficulties  often  arise  in  medico- 
legal investigation. 

To  pursue  thia  part  of  the  subject  further  would  lead  us  beyond 
the  scope  of  these  articles.  Suffice  it  to  say  that  the  salts  of 
mercury  are  all  poisonous,  primarily  or  secondarily,  and  although  of 
great  value  as  medicine  judiciously  used,  they  may  be  most  dan- 
gerous in  the  hands  of  unskilled  or  designing  persons.  What  is 
the  treatment  to  be  pursued  in  cases  of  poisoning  by  corrosive 
sublimate  ?  Fortunately,  it  readily  forms  insoluble  compounds  with 
albumen.  Albumen  is  therefore  said  to  be  its  antidote.  When  a 
person  has  taken  this  poison,  either  by  accident  or  design,  or  has 

*  Oase  recorded  bj  Dr.  ChristiBon. 
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had  it  admigaiBtered  with  intent  to  deatroy  life  (this  rarely  happens, 
from  the  difficalty  of  conoealing  its  peculiarly  nauseous  taste),  the 
first  thing  to  be  done  is  to  freely  administer  white  of  egg.  M. 
Thenard,  the  great  French  chemist,  during  his  lecture,  by  mistake 
drank  a  strong  solution  of  corrosive  sublimate.  He  immediately 
discovered  what  he  had  done,  and  made  the  fact  known  to  his 
class.  The  excitement  produced  was  intense.  He  told  them  to 
bring  him  eggs.  Eggs  were  sought  for  in  every  direction ;  in  a  few 
minutes  large  quantities  were  obtained  by  his  anxious  pupils,  and 
thus  the  hfe  of  this  eminent  professor  was  saved.  This  happened 
shortly  after  the  discovery  of  the  effects  of  albumen  on  corrosive 
sublimate  were  discovered  by  Orfila.  A  case  is  also  recorded  of  a 
gentleman  who,  by  mistake,  drank  a  portion  of  an  aloohoUc  solution 
of  this  substance.  He  was  so  alarmed  by  the  taste  that  he  did  not 
finish  it.  He  was,  however,  seized  with  a  sense  of  tightness,  in  the 
throat,  burning  at  the  stomach,  and  purging.  Orfila  saw  him  when 
the  symptoms  had  acquired  great  severity,  having  lasted  two 
hours.  The  administration  of  white  of  egg  caused  a  mitigation  of 
his  sufferings,  and  he  ultimately  recovered. 

It  is  asserted  by  Peschier,  that  the  white  of  one  egg  will  render 
four  grains  of  corrosive  sublimate  innocuous.  Orfila  administered 
to  a  small  dog  twelve  grains  of  this  poison ;  after  it  had  acted  for 
about  eight  minutes,  the  whites  of  eight  eggs  were  given;  it 
vomited  several  times,  the  pain  ceased,  and  in  five  days  it  quite 
recovered.  The  white  of  egg  should  be  beat  up  in  a  little  water, 
and  it  should  be  given  freely,  at  intervals.  A  woman,  named  Rose 
Maney,  poisoned  herself  with  corrosive  subUmate ;  various  remedies 
were  tried,  but  with  little  benefit.  The  morning  after  the  poison 
was  taken,  the  whites  of  two  eggs,  beaten  up  with  a  little  cinnamon 
water,  were  given ;  this  dose  was  repeated  every  half  hour,  until 
she  had  taken  the  whites  of  twelve  eggs,  when  she  began  to  feel 
easier;  and,  during  the  time  she  had  been  under  this  treatment, 
ijfhe  had  only  vomited  twice,  and  other  unfavourable  symptoms 
began  to  disappear.  The  white  of  egg  treatment  was  continued 
until  she  had  taken  the  whites  of  thirty-two  eggs.  She  went  on 
progressing  favourably,  and  was  eventually  cured.  Here  the 
albumen  was  not  given  till  many  hours  after  the  poison  was  first 
taken.  There  is  another  substance  which  is  considered  to  act  aa 
an  antidote,  namely,  gluten.  Its  properties  were  discovered  by 
Taddei,  an  Italian  chemist.  In  administering  it,  it  is  usual  to  mix 
the  gluten  with  soap,  so  as  to  hold  it  in  suspension.  If  eggs  are 
not  at  hand,  gluten  may  be  thus  used.     It  is  easily  prepared  by 
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kneading  doughy  made  of  flonr  and  water^  under  a  tap  from  which 
the  water  is  pouring  in  a  small  continuous  stream ;  the  starch  is 
washed  away  from  the  flour^  the  gluten  remaining  behind;  and  this 
should  be  rubbed  up  with  soap^  and  rinsed  with  water.  From 
experiments  made  by  Dr.  Devergie^  it  does  not  seem  to  be  as  effeCi* 
tive  an  antidote  as  albumen^  yet  the  experiments  of  Professor 
Taddei  show  that  it  forms  insoluble  compounds  with  corrosive 
subUmate^  so  as  to  perfectly  precipitate  it  from  a  solution  of  that 
salt.  His  experiments  on  animals  are  on  the  whole  satisfactory^ 
and  a  case  is  recorded  of  the  cure  of  a  man,  by  its  means,  who  had 
taken  seven  grains  of  corrosive  sublimate  by  mistake  for  calomel. 
If  albumen  and  gluten  cannot  be  obtained,  milk  may  be  given,  as 
it  contains  casein,  which  is  similar  in  its  action  to  albumen.  Iron 
filings  mixed  with  gold  dust  or  gold  leaf  cause  the  decomposition 
of  corrosive  sublimate  with  precipitation  of  metallic  mercury,  which 
is  not  a  poison;  and  even  iron  filings  alone  produce  the  sama 
efiect.  These  substances  have  been  tried  with  excellent  results  on 
animals.  Opium  has  the  effect  of  counteracting  the  action  of  thi» 
poison,  but  it  would  be  dangerous  to  administer  it  in  sufficient 
quantities.  This  property  is  due  to  the  meconic  acid  which  it 
contains.  The  action  of  meconic  acid  is  to  form  insoluble  com* 
pounds  with  metaUic  oxides,  when  it  is  combined  with  a  substance 
such  as  morphia,  forming  a  salt  which  is  soluble.  In  most  cases  of 
poisoning,  immediate  resort  is  had  to  the  stomach-pump.  It  should^ 
however,  be  used  with  the  greatest  care,  if  employed  at  all,  in 
poisoning  by  corrosive  sublimate,  the  action  of  that  substance  being 
to  corrode  rapidly  the  stomach  and  the  passage  which  leads  from  it 
to  the  mouth,  which  is  called  the  oesophagus.  Every  effort  should  be 
made  by  means  of  emetics  to  secure  the  ejection  of  all  matters  from 
the  stomach,  and  these  should  be  given  with  whatever  other  anti* 
dotes  are  employed,  whether  albumen,  gluten,  milk,  or  iron  filings. 
The  appearances  which  the  body  presents,  after  death  by  cor<- 
rosive  sublimate,  are  similar  to  those  produced  by  other  corrosive 
poisons;  there  is  ulceration  and  destruction  of  the  coats  of  the 
stomach  and  intestines.  This  is  more  or  less  marked,  according 
to  the  quantity  of  the  poison  taken.  The  mercury  sometimes  gets 
reduced  by  the  action  of  substances  with  which  the  corrosive  sub- 
limate meets,  and  hence  a  grey  film  may  be  seen,  which  consists  of 
finely- divided  metallic  mercury.  The  detection  of  corrosive  sub* 
limate  by  analysis  is  generally  not  difficult;  but  owing  to  the 
property  which  it  has  of  uniting  with  albumen  and  similar  sub- 
stances, the  process  may  be  somewhat  compUcated.    The  method  of 
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separating  it  out  from  organic  mixtures  will  be  explained,  when  the 
separation  of  other  poisons  from  such  substances  is  treated  of. 
The  ordinary  reactions  by  which  corrosive  sublimate  is  distin- 
guished are  highly  characteristic.  The  salt,  being  much  more 
soluble  in  ether  than  in  water,  is  easily  separated  from  it  by  shaking 
up  the  solution  for  a  short  time  with  ether.  The  etherial  solution 
floats  on  the  top  of  the  water,  and  is  easily  drawn  off  by  means  of  a 
pipette ;  if  allowed  to  flow  on  a  glass  plate,  the  ether  shortly 
evaporates,  leaving  the  corrosive  sublimate  in  beautiful  crystals,  of 
a  stellate  form. 

To  the  crystals  thus  obtained  the  various  tests  about  to  be 
described  may  be  applied.  Should  any  of  a  liquid,  supposed  to  be 
part  of  that  taken  by  a  person  suffering  from  poison,  be  found,  it 
should  be  at  once  submitted  to  this  treatment ;  and  if  a  crystalline 
film  be  formed  on  a  glass  plate,  the  presumption  would  be  that  the 
poison  was  corrosive  sublimate.  If,  however,  the  substance  was  in 
the  solid  form  as  a  white  powder,  the  best  method  would  be  to 
place  a  small  quantity  on  a  piece  of  glass,  and  gently  warm  it, 
raising  the  temperature  gradually ;  if  the  powder  was  dissipated  in 
dense  white  fumes,  and  had  a  strong  metallic  odour  and  taste,  and 
if  some  of  it  crystallized  on  the  cool  parts  of  the  plate  in  the  forms 
above  described,  it  might  be  presumed  that  the  substance  was  cor- 
rosive sublimate.  Arsenious  acid  is  also  white,  but  when  volatilized 
by  heat  its  fumes  are  not  so  dense,  nor  does  its  odour  and  taste 
resemble  that  of  corrosive  sublimate.  Its  crystalline  form  also  is 
different,  being  octahedral.  A  solution  of  mercuric  chloride  (the 
chemical  name  for  corrosive  sublimate)  gives,  with  a  solution  of 
potassic  iodide,  a  very  beautiful  vermilion- coloured  precipitate,  which 
is  dissolved  by  excess  either  of  the  iodide  or  of  the  mercury  salt. 
This  red  mercuric  iodide,  when  spread  on  paper  and  heated,  changes 
to  a  yellow  colour;  but  friction  restores  it  to  its  original  tint. 
When  stannous  chloride  (protochloride  of  tin)  is  added  to  a  solution 
of  corrosive  sublimate,  it  takes  away  chlorine  from  it  in  two  suc- 
cessive stages.  At  first  a  white  precipitate  is  formed,  which  is 
mercurious  chloride,  or  calomel.  This  afterwards  changes  to  a  grey 
colour,  from  its  further  reduction  to  metallic  mercury.  This  is  a 
very  delicate  reaction,  and  very  small  quantities  of  mercuric  chloride 
may  be  detected  in  this  way.  Moreover,  it  is  not  liable  to  be  inter- 
fered with  or  prevented  by  the  presence  of  other  substances  which 
are  likely  to  be  met  with  in  the  mixture  to  be  tested. 

Potash  gives,  with  solutions  of  mercuric  chloride,  a  yellow  pre- 
cipitate of  mercuric  oxide ;  and  ammonia,  a  white  precipitate,  which 
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is  called  in  the  Pharmacopeia  ^^  white  precipitate."  It  is  a  substi- 
tution product,  an  atom  of  chlorine  in  the  mercuric  chloride  being 
replaced  by  amidogen.     The  reaction  is  represented  thus — 

Hg  012+2  (NH3)  =  Hg  NH3  CI  +  NH,  01. 
Hydric  sulphide  (sulphuretted  hydrogen)  eventually  throws  down  a 
black  precipitate  of  mercuric  sulphide  from  a  solution  of  corrosive 
sublimate.     The  observer  should,  however,  be  careful  to  watch  the 
changes  of  colour  produced  in  the  solution,  as  the  quantity  of  hydric 
sulphide  increases.     At  first  the  change  is  to  white,  the  solution 
gets    milky,   afterwards  it  becomes  orange-coloured,  and   at   last 
black.     These  changes  are  highly  characteristic  of  mercury.     The 
black  sulphide  is  not  soluble  in  hydric  nitrate  (nitric  acid),  and  this 
again   distinguishes  it  from  other  black  sulphides.     All  these  re- 
actions may  be  applied  to  the  crystalline  films  obtained  by  evapo- 
rating the   etherial  solution  before  described;  and  all,  except  the 
ammonia  reaction,  will  be  very  apparent.    In  this  case  it  is  advisable 
to  use  ammonia  sulphide  instead  of  hydric  sulphide.     They  may 
also  be  used  with  the  white  powder,  after  the  evidence  from  sub- 
limation has  been  obtained.     It  is  always  necessary,  as  in  testing 
for  arsenic,  to  obtain  the  metal  mercury.     This  may  be  done  in  two 
ways.     If  the  substance  submitted  for  examination  be  a  liquid,  part 
of  it  should  be  evaporated,  on  a  water  bath,  to  dryness ;  the  residue 
may  then  be  treated  in  the  same  way  as  if  it  were  found  in  the  state 
of  a  powder.     The  powder  should  be  mixed  with  carbonate  of  soda, 
which  has  been  previously  dried  by  heating  it  strongly,  so  as  to 
drive  off  its  water  of  crystallization.     The  mixture  should  then  be 
put  into  a  reduction- tube,  such  as  was  described  when  the  method 
of  reducing  arsenic  to  the  metallic  state  was  explained,  and  gently 
heated ;  in  a  few  minutes,  minute  globules  of  metallic  mercury  will 
be  seen  on  the  sides  of  the  upper  part  of  the  tube.     In  performing 
this  experiment,  the  tube  should  be  carefully  dried,  together  with 
its  contents,  before  applying  a  heat  sufficient  to  reduce  the  metal. 
It  will  be  noticed  that  some  of  the  white  powder  is  changed  to  a 
yellow  colour;  this  is  owing  to  the  formation  of  some  mercuric 
oxide  previous  to  its  reduction  to  the  metallic  state.     It  will  be 
remembered  that  one  test  for  arsenic  was  its  precipitation  by  copper. 
Mercury  is  also  precipitated  by  that  metal.     If  a  piece  of  bright 
copper  be  placed  in  a  solution  of  a  mercuric  salt,  acidulated  with 
hydrio-chloride  (hydrochloric  acid),  or  if  corrosive  sublimate  in  the 
solid  state  be  rubbed  on  the  copper,  moistened  with  a  dilute  solution 
of  the  same  acid  liquid,  metallic  mercury  will  be  deposited  on  the 
copper ;  the  film  is  at  first  dull,  but  if  it  be  rubbed  gently  with  a 
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piece  of  linen  or  soft  paper,  it  will  have  a  brilliant  metallic  lustre. 
If  now  the  copper  be  held  in  the  fingers,  and  be  gently  passed 
through  the  flame  of  a  spirit-lamp,  althoagh  the  heat  be  not  suffi- 
cient to  cause  inconvenience  in  holding  it,  the  mercury  will  be 
yolatihzed ;  and  this  is  not  the  case  with  any  other  metal  which 
copper  is  able  to  displace  from  a  solution  of  its  salts.  If  all  these 
reactions  be  obtained  with  any  substance  submitted  for  examination, 
they  will  prove  oonclusively  that  that  substance  contained  mercury. 
It  will  be  now  necessary  to  prove  that  the  substance  contained 
ddorme,  for  mercuric  nitrate,  a  substance  rarely  met  with  except  in 
the  laboratory,  will  give  all  the  reactions  already  mentioned. 

Argentic  nitrate  (nitrate  of  silver)  gives  with  all  soluble  chlorides 
a  white  percipitate,  dense  and  flocculent,  or  rather  curdy.  This 
precipitate  becomes  violet  on  exposure  to  light,  but  it  possesses  this 
property  in  common  with  most  silver  salts.  It  is  soluble  in  am- 
monia, but  insoluble  in  hydric  nitrate.  There  is  a  very  poisonous 
salt  of  mercury,  called  mercuric  cyanide,  which  is  formed  by  the 
action  of  prussic  acid  (a  deadly  poison)  on  mercuric  oxide.  When 
a  solution  of  mercuric  cyanide  is  treated  with  argentic  nitrate,  a  white 
percipitate  similar  to  that  formed  with  a  chloride  is  thrown  down, 
and  this  precipitate  is  soluble  in  ammonia,  also  on  boiling  in  strong 
hydric  nitrate,  but  not  in  cold  hydric  nitrate.  Now,  inasmuch  as  the 
poison  employed  might  have  been  mercuric  cyanide,  it  is  necessary  to 
distinguish  between  this  and  corrosive  sublimate.  In  order  to  do  this, 
the  silver  precipitate  should  be  subjected  to  the  action  of  heat ;  if  it 
melts  or  fiises  it  is  argentic  chloride,  if  it  is  decomposed,  leaving 
only  a  dark  residue  of  metallic  silver,  it  is  a  cyanide.  If  the  fused 
residue  be  treated  with  zinc  and  hydric  sulphate  (sulphuric  acid)  in 
the  presence  of  water,  the  zinc  touching  the  fused  chloride,  by  elec- 
trolytic action  silver  will  be  deposited  in  contact  with  the  zinc,  and 
chlorine  will  unite  with  the  zinc,  forming  zinc  chloride,  and  the 
presence  of  chlorine  in  the  solution  may  be  detected  by  argentic 
nitrate.  A  still  further  confirmation  of  the  presence  of  chlorine  may 
be  obtained  by  adding  to  tire  solution  supposed  to  contain  corrosive 
sublimate,  some  manganic  binoxide  and  hydric  sulphate,  when,  if 
that  substance  be  present,  chlorine  gas  will  be  evolved  on  the 
apph'cation  of  a  gentle  heat,  and  may  be  detected,  either  by  its 
peculiar  odour,  or  its  action  in  bleaching  moist  litmus  paper. 

The  metal  mercury  is  not  a  poison,  that  is,  when  taken  in  the 
liquid  state.  Dr.  Taylor  mentions  that  a  person,  who  suffered 
from  obstinate  constipation,  took  as  much  as  half  a  pound  of 
fluid   mercury  in   five   days,   without   its   producing  bad   effects. 
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Dr.  Daniel  Turner,  who  Kved  in  the  reign  of  Charles  IE.,  in  his 
'^  Treatise  on  Diseases  of  the    Skin,  and  the  Antient  Physicians' 
Legacy  Impartially  Surveyed,^'  in  speaking  of  quicksilver,  says : 
'*  In  King  Charles  II/s  reign,  I  very  well  remember,  though  it  is 
above   fifty   years    past,    a   physician    knighted    by   that   prince, 
whose  name  I  can  sometimes   recollect,   though  not  at   this  mo- 
ment, encouraged   it   much,  who    lived   retired  somewhere  about 
Edmonton,  and  when  the  villagers  round  coming  to  consult  him, 
especially  on  their  children's  diseases,  he  advised  a  thimbleful  of 
quicksilver  to  be  given  them  every  morning  for  a  month/'     The 
beauties  of  the   court   of  King   Charles   II.   used  to  take  crude 
mercury  as   an   alterative;    and   it   was    common   to   take  a  tea- 
spoonful,  morning   and   evening,    to  beautify  the   complexion,  to 
remove  a  freckle,  or  to  give  a  pearly  lustre  to  the  skin.     It  was 
found  that  the  mercury  passed  unchanged  through  the  system,  and 
that  too  with  considerable  rapidity.     But  those  who  are  exposed  to 
the  action  of  vapour  of  mercury,  or  who  are   much   engaged  in 
handling  it,  often  suffer  from  it  very  materially.     Its  ^effects  on 
miners  are  often  very  severe.     Dr.  John  Wilkins,  in  the  "  Philoso- 
phical Transactions,''  in  the  year  1666,  in  which  he  describes  the 
quicksilver  mines  at  Priuli,   in  the  Venetian  territory,  says  that, 
although  the  miners  stay  underground  only  six  hours  at  a  time,  all 
of  them  die  hectic,  or  become  paralytic.     He  saw  there  a  man,  who 
had  not  been  in  the  mines  above  half   a  year  before,  so  full  of 
mercury,  that  on  putting  a  piece  of  brass  in  his  mouth,  or  rubbing 
it  between  his  fingers,  it  immediately  became  white  like  silver,  and 
so  paralytic  was  the  unfortunate  man  that  he  could  not,  with  both 
his  hands,  carry  a  glass  half  full  of  wine  to  his  lips  without  spilling 
it — ^though  the  doctor  quaintly  adds,  he  loved  the  wine  too  well  to 
throw  it  away.     Shaking  palsy,  and  salivation  appear  to  be  the 
consequences  of  exposure  to  the  vapour  of  mercury.     Barometer 
makers  and  looking-glass  silverers  are  both  liable  to  these  affec- 
tions.    Dr.  Christison  relates  a  case  of  a  barometer  maker  and  one 
of  his  men  who  were  exposed  one  night,  during   sleep,   to  the 
vapours  of  mercury  from  a  pot  on  a  stove  in  which  a  fire  had  been 
accidentally  lighted.     They  were  both  most  severely  affected,  one 
with  salivation,  which  caused  the  loss  of  all  his  teeth,  the  other 
with  shaking  palsy,  which  lasted  to  the  end  of  his  life.     Chenusts 
who  have  to  work  much  with  metallic  mercury  often  suffer  from 
the  effects. 

The  medicine  known  as  calomel,  which  is  a  chloride  of  mercury^ 
containing  less  chlorine  than  corrosive  subUmate,  has  been  found  to 
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act  as  an  irritant  poison.  The  poisonous  effects  of  calomel  have 
been  attributed  to  the  presence  of  corrosive  sublimate^  an  impurity 
not  unlikely  to  occur  from  the  method  of  its  manufacture.  It  has 
been  stated  that  corrosive  sublimate  is  made  by  heating  mercuric 
sulphate  with  common  salt ;  calomel  is  made  in  the  same  manner, 
only  that  an  equivalent  quantity  of  mercury  is  added.  Both  sub- 
stances are  volatile,  and  it  is  therefore  very  possible  that  seme 
corrosive  sublimate  might  pass  over  with  the  calomel.  However, 
such  care  is  taken  in  the  manufacture  of  this  important  drug,  that 
this  impurity  is  rarely  found  in  it.  Dr.  Ghristison  examined  ten 
specimens,  and  found  but  the  merest  trace  of  coiTosive  sublimate  in 
them. 

Two  cases  are  mentioned  by  Hoffman  in  which  fifteen  grains  of 
calomel  proved  fatal  to  two  boys,  aged  twelve  and  fifteen.  One 
of  them  had  vomiting  and  tremors  of  the  hands  and  feet,  and  died 
on  the  sixth  day.  The  other  died  after  suffering  from  extreme 
anxiety  and  black  vomiting.  It  is  clear  that  very  large  doses  of 
calomel  may  be  taken  without  producing  poisonous  effects.  In  the 
East  it  is  used  not  only  as  an  irritant,  but  in  large  doses  a  sedative. 
In  yellow  fever  it  has  been  given  in  doses  of  from  ten  to  twenty 
grains  four  times  a  day.  A  strong,  healthy  girl  took  an  ounce  of 
calomel  by  mistake,  thinking  it  was  magnesia ;  it  was  mixed  with 
milk.  After  some  hours  the  mistake  was  discovered.  Emetics 
were  given.  She  had  previously  suffered  sUghtly  from  nausea  and 
faintness.  After  a  time  severe  griping  pains  set  in,  and  there  was 
much  tenderness  of  the  abdomen.  In  four  days  she  recovered,  and 
strange  to  say,  she  escaped  salivation.  Since  calomel  has  acted  as 
a  poison,  it  is  necessary  to  notice  the  method  of  its  action.  Its 
effects  are  those  of  an  irritant  poison,  though  it  may  destroy  life  by 
causing  gangrene  of  the  mouth  and  throat.  Chemically,  calomel 
has  some  re-actions  different  from  corrosive  sublimate.  It  is  a 
dense  white  powder  of  a  slightly  buff  tint ;  it  is  not  soluble  in 
water,  neither  in  ether,  nor  in  alcohol.  When  boiled  with  strong 
hydric  nitrate  it  is  decomposed.  Corrosive  sublimate  and  mercuric 
nitrate  being  formed,  and  both  being  soluble,  are  dissolved  in  water. 
Hydric  chloride  partially  dissolves  it  by  forming  mercuric  chloride 
and  metallic  mercury  is  precipitated.  When  calomel  is,  heated  in 
a  tube  it  sublimes,  and,  unlike  corrosive  sublimates,  it  is  deposited 
in  the  cool  part  as  an  apparently  amorphous  powder,  which  is  really 
crystalline,  though  the  crystals  are  too  minute  for  detection.  If 
acted  upon  with  potash,  it  gives  a  black  substance,  mercurious 
oxide,  containing  400  parts  by  weight  of  mercury  to  16  of  oxygen 
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whereas  corrosive  sablimate  gives  the  higher  oidde,  which  is  yellow. 
A  solution  of  potassic  iodide  changes  it  to  a  dirty,  yellowish,  green 
colour.  Ammonia  turns  it  black,  instead  of  forming  with  it  a  white 
compound,  as  it  does  with  corrosive  sublimate,  although  the  substi* 
tution  which  takes  place  is  of  a  similar  kind,  one  atom  of  chlorine 
being  replaced  by  one  atom  of  amidogen. 

Hg,  Cl,+2(NH3)=Hg.  NH,  Cl+NH,  CI. 
Ammonic  sulphide  also  changes  it  to  a  black  colour,  forming  the 
sulphide.  Stannous  chloride  reduces  it  to  metallic  mercury,  and 
in  this  respect  resembles  its  action,  in  the  second  stage,  on  mercuric 
chloride.  It  is  reduced  to  metallic  mercury  when  heated  with  dry 
sodic  carbonate,  also  when  it  is  rubbed  with  a  dilute  solution  of 
hydric  chloride  or  copper. 

Its  chlorine  can  be  detected  by  argentic  nitrate,  but  the  calomel 
must  first  bo  boiled  with  a  solution  of  potassic  or  sodic  hydrate, 
which  solution  must  be  rendered  slightly  acid  with  hydric  nitrate 
after  filtration.  The  acid  liquid  is  added  to  combine  with  excess 
of  potash,  which  would,  if  in  the  state  of  hydrate,  precipitate  from 
the  argentic  nitrate  brown  argentic  oxide.  It  will  be  well  to  notice 
briefly  the  other  salts  of  mercury  which  have  occasionally  been  used 
as  poisons.  The  red  oxide,  mercuric  oxide,  which  contains  200  parts 
of  mercury  and  16  of  oxygen,  is  usually  prepared  by  cautiously 
heating  mercuric  nitrate.  It  is  in  appearance  of  a  scaly  nature, 
and  bright  scarlet  colour ;  when  heated  it  changes  to  a  chocolate 
brown,  and  eventually  becomes  black ;  on  exposure  to  air  it  recovers 
its  red  colour  again.  If,  however,  the  temperature  be  raised  con- 
siderably, it  is  decomposed  into  oxygen  and  mercury,  which 
volatilizes,  and  is  condensed  in  the  cool  part  of  the  tube  in  minute 
brilliant  globules.  This  red  oxide  is  used  in  medicine,  generally 
as  an  ointment ;  it  is  also  employed,  mixed  with  fat,  for  the  des- 
truction of  vermin  which  infest  bedsteads.  Several  cases  of  poison- 
ing by  this  substance  are  recorded ;  the  symptoms  resemble  very 
much  those  which  have  been  described  as  produced  by  other  pre- 
parations of  mercury.  The  quantity  required  to  cause  death  seems 
to  be  large,  thirty  grains  have  been  taken  without  producing  serious 
consequences.  The  best  treatment  appears  to  be  the  administration 
of  emetics  and  demulcent  drinks  with  albumen  or  gluten.  Cinnabar 
or  mercuric  sulphide,  the  black  sulphide  of  mercury  precipitated  by 
hydric  sulphide,  as  already  described,  when  dried  and  heated,  sub- 
limes, forming  the  red  sulphide ;  they  are  identical  in  their  chemical 
composition.  Cinnabar  is  the  principal  ore  of  mercury,  it  occurs 
crystallized  in  six-sided  prisms. 
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The  paint  called  vermilion  consieta  of  this  sulphide  artificially 
prepared.  The  methods  of  preparation  differ  in  different  places^ 
and  with  different  makers^  bnt  all  are  the  same  in  principle. 
Animals  have  been  kiUed  by  its  action^  even  -vrhen  it  has  been 
applied  to  wounds.  There  is  no  instance  on  record  of  a  human 
life  having  been  destroyed  by  it.  Mercuric  sulphide  contains  mer- 
cury and  sulphur  in  the  proportion  of  200  parts  of  mercury  to* 
32  parts  of  sulphur,  by  weight.  When  heated  it  is  decomposed, 
metalUc  mercury  and  sulphur  being  sublimed  separately.  The  best 
way,  however,  to  decompose  it  is  by  the  action  of  finely-divided 
iron,  which  unites  with  the  sulphur,  the  mercury  being  set  free  on 
the  application  of  heat ;  and  it  may  be  proved  that  sulphur  was  in 
combination  with  the  mercury  by  treating  the  iron  compound  with 
hydric  sulphate,  when  hydric  sulphide  is  evolved,  which  may  be 
detected  by  its  odour,  or  by  its  blackening  paper  moistened  with 
plumbic  acetate ;  or,  if  the  quantity  be  too  small  to  give  this 
reaction  distinctly,  its  presence  may  be  known  by  the  beautiful 
purple  colour  which  it  gives  with  an  alkaline  solution  of  sodic  nitro- 
prusside. 

Turpeth  mineral  is  a  yellow  basic  sulphate  of  mercury.  But 
few  cases  of  poisoniug  by  this  substance  are  recorded.  It  is  obtained 
by  acting  on  the  normal  white  sulphate  with  water.  It  is  very 
heavy,  and  has  an  acrid  taste.  When  heated  the  mercury  is 
sublimed,  and  sulphurous  acid  is  given  off,  which  may  be  detected 
by  its  smelling  like  burning  sulphur.  If  boiled  with  caustic  potash, 
potassic  sulphate  is  formed,  and  mercuric  oxide  precipitated.  The 
sulphate  can  be  detected  by  its  giving  a  white  precipitate  with  a 
soluble  baryta  salt,  which  is  insoluble  in  all  acid  liquids.  The 
mercury  can  be  detected  by  the  reactions  already  described. 

Mercuric  cyanide  has  been  already  alluded  to.  Cases  are  on 
record  of  persons  having  been  poisoned  with  this  salt.  It  is  easily 
detected  by  the  action  on  it  of  heat ;  it  is  decomposed  into  mercuiy 
and  cyanogen  gas ;  the  cyanogen  bums  with  a  v^ry  beautiful  rose- 
coloured  flame.  It  is  hardly  necessary  to  mention  the  nitrates ; 
the  action  of  mercuric  nitrate  on  the  human  frame  is  the  same  as 
that  of  corrosive  sublimate.  It  is  detected  by  the  same  tests, 
except  that  the  nitric  acid  gives  no  precipitate  with  argentic  nitrate, 
and  is  to  be  sought  for  in  another  way.  If  the  mercury  be  pre- 
cipitated with  potash,  potassic  nitrate  will  remain  in  sobition,  and 
this,  when  evaporated  to  dryness  with  organic  matter,  detonates 
if  brought  to  a  red  heat.  It  is  better,  however,  to  add  to  some  of 
the  liquid  an  equal  volume  of  hydric  sulphate,  and  after  the  mixture 
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kas  become  quite  cold^  to  pour  an  it  carefully  a  solution  of  ferrous 
BQlphate.  Where  the  two  liquids  join^  a  brown-coloured  ring  will  be 
formed. 

Poisoning  by  copper  is  very  rare^  except  as  the  result  of  aoei- 
dent^  yet  rery  serious  effects  haye  been  produced  by  taking  salts  of 
this  metal.  It  is  lai^ly  osed  in  the  manufacture  of  saucepans  «nd 
cooking  utensils^  and  was,  no4  many  years  ago,  put  into  pickles,  to 
increase  the  green  freshness  of  their  colour.  It  is  often  employed 
by  confectioners  for  colouring  their  sweetmeats,  and  the  decorations 
they  use  for  ornamenting  cakes.  It  is  found  in  combination  with 
arsenic  in  8om«  of  the  green  colours  of  the  paint-box;  and  the 
colours  known  as  verdigris  and  verditer  are  preparations  of  the 
acetate  and  carbonate  of  copper. 

The  salts  of  copper  are  rarely  used  by  the  poisoner,  because  they 
haye  a  deep  and  well-marked  colour,  and  a  yery  acrid  taste.  The 
general  colour  of  cupric  salts  is  blue  or  green.  Blue  stone  (blue 
yitriol),  the  sulphate  is  of  a  bluish  green  colour,  the  nitrate  is  of  a 
deeper  blue,  and  the  chloride  is  green.  The  metal  copper  does  not 
seem  te  be  poisonous,  but,  when  taken  into  the  stemach,  it  meets 
with  acid  liquids,  by  which  it  may  be  oxidized  and  dissolved.  Dr^ 
Taylor  relates  the  case  of  a  boy  who  was  engaged  in  printing  gold 
letters — the  gold  employed  is  an  alloy  of  copper — this  substance 
reduced  to  a  fine  dust,  floats  about  in  the  air ;  the  boy  inhaled  these 
particles,  and  on  the  third  day  was  seized  with  vomiting  of  a  green 
coloured  fluid,  with  heat  and  constriction  in  the  oesophagus,  pain 
in  the  stomach,  loss  of  appetite  and  rest,  and  with  a  severe  itching 
of  the  skin  in  those  parts  covered  by  hair,  which  parts  were  changed 
to  a  deep  blue  colour.  About  twelve  persons  engaged  in  the  same 
employment  were  similarly  afiected.  The  use  of  copper  cooking 
ntensils  is  not  objectionable,  if  they  be  kept  clean,  but  certain 
substances  employed  in  cooking  have  a  tendency  to  dissolve  the 
metal.  Oils  and  fatty  matters  have  this  action.  It  has  been  said 
that  they  must  first  become  rancid,  but  this  is  not  the  case.  Fresh 
butter  has  been  found  to  act  on  copper,  and  the  surface  of  a  copper 
plate  has  become  blackened  in  twenty-four  hours,  when  covered  by 
that  substance,  and  the  butter  itself  has  become  green ;  this  only 
occurred  when  it  was  in  contact  both  with  the  air  and  the  copper. 
One  therefore  concludes  that  the  presence  of  air  is  necessary  te 
produce  this  result.  Dr.  Christison  says  that,  in  fresh  hog's  lard, 
he  has  found  that  the  whole  lard  in  contact  with  the  copper  becomes 
blue,  even  to  a  depth  to  which  the  air  can  scarcely  reach.  Hot 
oil  acts  in  a  similar  manner ;  one  knows  the  effects  produced  in  old 
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fashioned  brass  lamps,  where  the  oil  which  remained  in  the  receiver 
for  the  drippings,  was  almost  invariably  green.  Vinegar  dissolves 
copper,  and  the  vegetable  acids  generally,  in  the  presence  of  atmo- 
spheric air.  It  seems  to  be  necessary  to  keep  the  metal  covered 
with  the  flnid,  and  then  these  effects  are  not  produced.  It  is,  how- 
ever, most  dangerous  to  allow  any  acid  substances  that  are  to  be 
used  for  food,  to  stand  for  any  length  of-  time  in  copper  vessels. 
Preserves  are  usually  made  in  copper  or  bronze  pans  ;  these  should 
be  emptied  out  as  soon  as  the  operation  is  completed,  and  the  pans 
should  be  well  cleaned,  as  the  fruit  acids  would  inevitably  oxidize  and 
form  poisonous  salts  with  the  copper.  A  case  is  recorded  in  "  Wild- 
berg^s  Practical  Manual,''  of  a  servant  who  left  some  sour  krout, 
for  only  two  hours,  in  a  copper  pan,  which  had  lost  its  tinning. 
Her  mistress  and  a  daughter,  who  took  the  cabbage  at  dinner,  died 
after  twelve  hours  illness,  and  Wildberg  found  the  cabbage  so 
strongly  impregnated  with  copper,  that  it  was  readily  precipitated 
on  iron.  Any  amount  of  carelessness,  in  the  use  of  copper  vessels, 
on  the  part  of  iservants,  may  be  attended  with  very  serious  results,  so 
that  it  seems  almost  advisable  to  abandon  their  use  in  favour  of  iron 
ones,  which  are  not  liable  to  these  objections.  A  case  is  related 
by  Gmelin,  of  a  whole  community  of  monks  who  were  attacked  by 
a  violent  disease,  the  symptoms  were  those  which  result  &om  copper 
poisoning.  On  inquiry,  it  was  found  that  every  utensil  in  the 
kitchen  and  dairy  was  made  of  copper. 
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A  LIPE-HISTORY. 

BT  THE   BEY.    TH0MA9   HINGES^   B.A. 

It  is  my  purpose  in  the  present  paper^  through  a  somewhat  minute 
study  of  a  single  species^  to  convey  an  accurate  idea  of  the  type 
of  structure  which  is  characteristic  of  a  large  and  interesting  group 
of  animals.  If  I  can  succeed  in  portraying — not  in  technical 
phraseology  which  only  a  few  can  interpret^  but  in  popular  language^ 
intelUgible  to  all — the  living  form  which  I  have  selected  as  my 
example^  in  sketching  the  history  of  its  birth  and  development^ 
and  the  customs  of  its  Ufe^  I  shall  not  only  put  my  readers  in 
possession  of  an  individual  biography^  but  also  supply  them  with  a 
key  to  the  organization  and  economy  of  an  important  tribe.  After 
allj  one  of  the  best  and  pleasantest  ways  of  teaching  zoology  is 
through  biography — the  story  of  representative  lives  told  with 
jBdeUty  and  thoroughness,  and,  if  it  may  be,  with  vivacity  too. 

For  technical  diagnosis  then,  let  us  substitute  a  picture  from  the 
life,  and  for  the  severe  definitions  of  the  systematist  the  warm 
colours  of  nature. 

The  group  which  I  propose  to  illustrate  by  means  of  a  repre- 
sentative form  is  that  section  of  the  Zoophytes,  of  which  the  common 
Hydra  is  the  type.  When  the  Radiate  division  in  Cuvier's  classi- 
fication was  dismembered,  and  its  heterogeneous  tribes  were  redis- 
tributed, the  Hjdroids,  the  corals  and  sea-anemones,  and  the  jelly- 
fishes  of  all  grades,  amongst  which  one  distinctive  plan  of  structure 
is  easily  traceable,  were  united  in  a  new  sub-kingdom,  to  which  the 
name  Coelenterata  was  assigned.*  This  great  race  divides  itself 
naturally  into  two  principal  branches,  one  of  which  has  the  closest 
affinity  with  the  Hydray  the  other  with  the  Actinia — the  Hydra^ 
class  and  the  Actiniorclass.  Each  of  these  larger  groups  again 
subdivides  into  several  orders,  in  which  the  typical  characters  are 
variously  modified.  To  that  section  of  the  Hydra-cUiss  {Hydrozoa), 
which  exhibits  the  least  amount  of  divergence  from  the  type-form 
(Hydra),  the  subject  of  the  present  sketch  belongs ;  its  name  is 
Olavatella  prolifera.  So  much  as  an  indication  of  systematic 
position ;  let  us  now  pursue  the  life-history. 

And  first  as  to  the  habitat  of  our  Hydroid;  those  who  are 
familiar  with  the  beautiful  shores  of  Torbay  will  remember  that  at 
many  points  the  beach  is  strewn  with  large  blocks  of  limestone,  the 

*  In  an  ingenioiu  paper,  recently  published,  Haeokel  aieerte  the  cloee  relation- 
ship of  the  Sponget  and  CoraU^  and  proposes  to  include  the  former  amongst  the 
CcBlenieraia, 
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debris  of  the  overhanging  cliffs.  These  detached  masses^  long 
exposed  to  the  action  of  wind  and  wave,  are  sculptured  into  pic- 
turesque shapes,  whilst  the  surface  is  worn  into  a  multitude  of  little 
basin-like  hollows,  in  which  whole  populations  find  a  home.  When 
the  tide  recedes,  they  form  a  most  productive  hunting-ground  for 
the  collector,  who  will  not  soon  exhaust  the  fauna  and  flora  of  the 
little  pools  that  lie  here  and  there,  like  miniature  tarns,  on  their 
rugged  sides.  These  rock-basins  are  never  left  dry;  when  the 
tide  is  out  their  waters  are  exposed  to  the  genial  influence  of  the 
sun ;  when  it  flows  they  are  renovated  and  freshened  by  the  dash  of 
the  incoming  waves.  They  offer  a  large  amount  of  shelter  and 
warmth,  combined  with  constant  supplies  of  the  purest  ocean-water ; 
and  they  are  consequently  rich  in  life,  and  rich  especially  in  the 
more  minute  and  delicate  forms  both  of  animal  and  plant.  Some  of 
these  pools  are  deep  and  narrow,  and  their  sides  are  clothed  with  a 
dense  vegetation ;  others  are  shallow  and  comparatively  open,  and 
in  these  the  growth  of  Algoe  is  often  scanty,  a  few  tufts  of  the  red 
Coralline,  and  of  a  slender  green  conferva  relieving  the  barrenness 
of  the  rocky  floor.  Animal  life,  however,  there  is  in  abundance, 
even  in  these  shallow  waters ;  the  pretty  Daisy-anemone  {Saga/rtia 
hellis)  crowded  in  the  chinks  and  crannies,  opens  its  festooned, 
flower-like  discs  to  the  sun ;  colonies  of  the  charming  little  compound 
Actinia,  Zoanthus  sulcatus,  stud  the  bottom,  hardly  distinguishable 
from  the  delicistte  tufts  of  Algae  ;  forests  of  a  graceful  zoophyte  {Gamr- 
panulariu  jlexuosa)  spread  luxuriantly  in  all  directions  ;  the  Acorn- 
shell  {Balanus)  roughens  the  surface  of  the  rock  ;  the  stealthy  limpet 
glides  slowly  about  in  search  of  pasturage,  while  multitudes  of 
minute  Annelids  protrude  from  their  burrows,  their  rapid  and  rest- 
less movements  contrasting  with  the  still  life  around  them.  These 
shallow  pools,  with  scanty  vegetation,  lying  within  the  higher  zone 
of  the  limestone  blocks,  fully  exposed  both  to  the  sun  and  to  the 
sweep  of  the  flowing  tide,  are  the  haunts  of  the  Clavatella,*  It  is 
very  constant  in  its  choice  of  habitat,  seldom,  if  ever,  occurring 
in  the  lower  rock-basins,  or  in  those  that  are  much  overgrown  with 

*  Another  habitat  of  the  Clavtxtella  may  be  mentioned.  On  the  well-known  Gap- 
stone  at  Ufraoombe  it  occurs  plentifully  in  such  shallow  pools  as  I  have  just  described^ 
lying  on  the  upper  ledges  and  plateauxy  exposed  to  the  dash  of  the  tremendous  sfas  which 
break  over  this  noble  pile  of  rock  ;  open,  too,  to  the  freshest  vrinds,  and  reflecting  the 
smile  of  the  most  genial  sunshine.  In  these  bright  pellucid  waters  the  little  Polypltes 
may  be  seen  on  the  summer  day  (by  those  who  can  see),  displaying  all  their  beauty,  in 
hot  pursuit  of  the  Cyclops  and  the  worm.  Amidst  the  turmoil  of  the  incoming  tide, 
when  tons  of  troubled  water  are  beared  upon  their  lately  quiet  dwelling-places,  the 
remarkable  oontractili^  of  their  bodies  must  enable  them  to  shrink  into  mere  specks, 
and  so  escape  the  destruction  which  falls  upon  larger  and  stronger  things  around  them. 
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weed.  Sat  iio  find  it  is  by  no  means  an  easy  task^  even  wlxen  its 
fEkvoarite  hannts  are  known.  Patiently  scanning  the  bottom  of  one 
of  the  pools  in  a  strong  light  and  with  a  keen  eye^  you  may  notice 
in  some  Uttle  hollow^  or  at  the  base  c^  one  of  the  small  tufls  of 
sea-weed,  what  seem  to  be  extremely  fine  milk-white  threads. 
Yon  would  hardly  take  them  to  be  animals,  but  might  probably 
pass  them  by  as  the  bleached  filaments  of  some  minute  Alga.  But 
if  you  watch  them  closely  for  a  while,  yoa  will  see  that  the  thread- 
like bodies  exhibit  definite  movements,  now  contracting,  now  ex* 
tending  themselves,  now  swaying  to  and  firo;  and  if  a  lens  be 
brought  to  bear  upon  them,  you  will  find  that  you  have  before  you 
a  colony  of  most  exquisite  polypites,*  minims, 
indeed,  in  size,  but  endowed  with  the  most 
perfect  beauty  of  form  and  grace  of 
motioa  (Fig.  1). 

Booted    to    one  spot,   their   life  runs  its 
coarse  within  the  limits  of  the  Uttle  pool  in 
which  we  find  them.      In  their   adult   con- 
dition they  are  as  stationary  as  the  Balanus 
or  the  weed.     It  will  be  convenient  to  give 
a  detailed   description   of  them   before   pro- 
ceeding   to     consider     their    habit    of   life,  yiq,  1. 
dealing  first  with  form  and  general    aspect, 
and  then  with  internal  structure.     In  the  former  we  shall  recognize 
the  features  of  the  individual  species;  in  the  latter^  the  charac- 
teristics of  the  class  and  sub-kingdom  to  which  it  belongs. 

The  colonies  of  Olavatella  are  generally  of  small  extent,  com- 
posed of  a  few  polypites  rising  from  a  delicate  creeping  fibre,  which 
links  them  all  together,  and  at  the  same  time  binds  them  to  the 
surface  of  the  rode.  This  portion  of  the  structure  is  diflScult  to  detect., 
as  it  is  Commonly  concealed  by  an  undergrowth  of  minute  vegetation. 
It  consists  of  a  slender  thread  of  animal  substance,  encased  in  a 
somewhat  membranous  covering  (the  polypary),  which  is  prolonged 
into  a  small  tubular  sheath  round  the  base  of  each  polypite  {vide 
Pig.  1).  This  thread-like  base  supports  the  colony,  and  also  provides 
for  its  increase ;  as  it  grows  and  spreads  it  glues  itself  to  the  rock, 
and  every  here  and  there  gives  origin  to  buds,  which  develope 
themselves  into  fresh  polypites;  and  so,  by  a  truly  vegetative  pro- 
cess, the  little  commonwealth  enlarges  its  boundaries  and  adds  to 
the  number  of  its  members.     The  delicate  sheathing  that  invests 

*  The  term  polype  is  now  restricted  to  the  animals  of  the  Aetinotoa — the  Aistini» 
and  Corals ;  the  alimentar j  zooids  of  the  Rydroida  are  known  as  polypiiss» 


188  A  LWB-BISTOBT. 

tlie  creeping  stem  and  the  base  of  tlie  polypites  (Fig.  2,p,p),  is  the 
representative  of  the  more  Babstantial  horny  poljrpary,  which  in  other 
sections  of  the  Hydroida  involves  the  whole  of  the  soft  portions,  and 
which  attains  its  highest  development  in  the  gracefbl  arborescent 
forms  of  the  Sertularian  Zoophytes.  The  polypites  of  Olavatella  are 
unprotected  by  any  hard  covering;*  bnt  they  are  endowed  with 
remarkable  contractility,  and  can  shrink  down  in  a  moment  within 
the  shelter  of  the  surrounding  Algss,  or  into  some  cranny  in  the 
rock.  When  extended,  the  body  is  slender  and  thread-like,  en- 
larging gradually  towards  the  upper  extremity  bo  as  to  present  a 
somewhat  clavate  figure.  At  the  top 
■^-.  ..-''  a  small  orifice  or  month  (Fig.  2,  m), 

opens  directly  into  the  stomach  j  and 

t "       at  a  short  distance  below  it,  the  body 

X        is  encircled  by  a  wreath  of  extensile 
arms  or  tentacles,  whose   office  it  is 
to  capture   the  minute   creatures   on 
which  the  Clavatella  feeds,  and  to  con- 
vey them  to  the  mouth  (Fig.  2, 1 1).  The 
clavate  extremity  of  the  body,  bearing 
the   mouth,  and  inclosed  within  the 
whorl  of  tentacles,  forms  a  kind  of  pro- 
boHcis  (Fig.  2,^),which  can  be  moved 
freely  in  all  directions,  and  is  capable 
of  great  elongation  and  contraction. 
It  is  employed  in   seizing  the   prey 
y      which  the  arms  have  arrested,   and 
^        brought  within  reach.     The  tentacles 
of   Olavatella  are  weapons  of  offence 
'-■^      and  prehensile  organs;    they  consist 
of    a    slender    extensile    stem,    sur- 
mounted by  a  large  globular  head,  in 
y^  which  a  whole  battery  of  thread-cells 

J  is  lodged.     Capable  of  great  elonga- 

„  tion,  of  quick  movement  in  all  direc- 

Fia.  B.  .  ,     . 

tions,  of  vigorous   percussive  action, 

and  charged  with  a  multitude  of  poisoned  darts,  they  literally 
*  Tbe  time  sali-groupf  into  which  the  Order  Mgdroida  U  dirided  us  foanded  on 
the  sbMnoe  or  prewnoe  of  s  polvpM;,  >nd  on  the  d^ree  of  it*  deTelopmeat.  The 
Oj/mnociroa  ue  altogetiiBr  dnlitute  o(  a  solid  ooi  ering )  the  AUtteata  htttt  •  poljpkrf, 
but  ao  prolectiTB  cue  or  onljcle  for  tha  poljpite.  Amongst  the  I'heeaplM'a,  tbs  oommoa 
fleeh  ii  iliMthed  in  •  homy  rovering,  and  the  poljpite*  ue  lodged  in  oaljole*  or  born; 
enp*.     ClataUUa  rank*  is  the  •eoond  of  the*e  diraioD*. 
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pnrsue^  strike  down,  and  seize  the  minute  but  active  Orustacea  and 
other  creatures,  which  form  the  food  of  the  Hydroid.  In  their  work 
as  purveyors  they  are  assisted  by  the  extensibility  of  the  lithe  and 
limber  body,  which  stretches  itself  out  eagerly  in  pursuit  of  prey, 
and  twists  itself  about,  not  without  much  exquisite  grace,  to  meet 
the  exigencies  of  the  hunt. 

The  thread-cell  is  a  piece  of  structure  very  characteristic  of  the 
sub-kingdom  to  which  Olavatella  belongs,  though  not  absolutely 
confined  to  it.  It  may  be  described  as  a  minute  sac  imbed^ded  in 
the  outer  layer  of  the  fiesh,  and  inclosing  a  long  thread-like  dart^ 
which  can  be  projected  with  much  force;  piercing  its  victim,  it 
seems  to  poison  as  well  as  to  wound.  The  thread-cells  are  present 
on  all  the  Hydrozoa,  and  often  in  immense  numbers;  they  are 
always  aggregated  in  batteries  on  the  tentacles,  and  enable  the 
stationary  Zoophyte  to  deal  with  the  nimble  tribes  that  serve  as 
its  food. 

The  slender  body  of  the  Clavaiella  is  of  an  opaque-white  colour, 
and  when  most  fully  extended — attenuated  into  a  mere  hair-like 
filament* — is  about  one-third  of  an  inch  in  length. 

The  structure,  in  its  general  and  superficial  characteristics,  as  we 
have  now  described  it,  is  that  of  all  the  Hydroida ;  the  disposition  of 
its  knobbed  tentacles  in  a  single  verticil,  and  its  reproductive  peculi- 
arities, which  we  shall  notice  hereafter,  separate  Olavatella  generically 
from  others  of  its  tribe ;  but  these  are  only  slight  modifications  of 
the  common  type.  In  realizing  its  form,  the  plan  of  its  organiza- 
tion, and  the  manner  of  its  life,  we  have  a  key  to  the  structural 
history  and  the  habits  of  its  race. 

But  we  must  now  proceed  a  step  further.  Having  sketched  the 
CZai;a^ZZa-colony  planted  on  the  outskirts  of  the  little  grove  of  Algsa 
in  some  crystal  pool,  we  have  next  to  examine  the  material  of  which 
it  is  formed,  and  the  plan  of  its  internal  structure.  The  polypite  is 
nothing  more  than  a  stomach,  and  an  apparatus  of  prehensile  organs 
for  the  supply  of  food ;  its  whole  interior  is  occupied  by  a  simple 
digestive  cavity  (big.  2,  c),  which  is  bounded  immediately  by  the 
main  body-wall.  This  wall,  the  substance  out  of  which  the  entire 
structure  is  wrought,  is  composed  essentially  of  two  distinct  layers 
— an  outer  (Fig.  2,  a,)  and  an  inner  (Fig.  2,  6),  the  latter  lining  the 
cavity  of  the  body,  the  former  constituting  its  external  covering.* 
From  these  two  layers,  by  difierentiation,  all  the  other  forms  of 
structure  are  developed ;  the  outer  giving  origin  to  the  solid  pro* 

*  In  Clavaiella  the  outer  layer  ii  transparent,  and  allows  the  inner,  which  is  laden 
with  opaque-white  granules  to  be  seen  through  it. 
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teotive  covering  (Pig.  2,  p),  to  the  thread-cells^  and  to  whatever 
organs  of  sense  or  motion  the  polypite  may  possess ;  the  inner 
supplying  all  that  is  concerned  in  nutrition  and  reproduction. 

The  whole  ClavateUa  colony^  comprising  the  polypites  and  the 
connecting  thread  that  binds  them  all  together^  is  built  up  out  of 
these  two  lamellss  ;*  and  they  are  also  the  primitive  and  essential 
elements  of  all  Coelenterate  structure.  We  lay  bare  here  the  found- 
ations of  the  great  sub-kingdom^  of  which  our  little  Hydroid  is  a 
humble  member. 

Another  structural  feature  is  of  high  significance.  The  stomach 
of  the  polypite,  the  perfect  simplicity  of  which  has  been  noticed 
before,  is  not  closed  at  the  base,  but  communicates  freely  through 
an  orifice  with  a  canal  which  traverses  the  whole  of  the  common 
connecting  flesh  (Fig.  2,  d).  This  canal  is  indeed  a  continuation 
of  the  digestive  cavity,  and  serves  to  convey  the  nutriment  prepared 
by  the  individual  polypites  to  all  portions  of  the  organism.  It  is  the 
dliamiel  by  which  in  our  little  Clcuvcdella  the  supporting  base  of  the 
colony  is  supplied  with  the  nutrient  fluid ;  within  which,  in  the  large 
arborescent  Zoophytes  the  food,  elaborated  by  a  multitude  of  busy 
workers,  is  borne  in  a  rapid  stream  through  all  the  complex  rami- 
fications of  the  plant-like  animal.  This  free  communication  between 
the  stomach  and  the  general  cavity  of  the  body — a  striking  feature 
both  under  its  structural  and  physiological  aspects — ^is  the  second 
of  the  great  fundamental  distinctions  of  the  Coelenterate  sub- 
kingdom.  In  the  two  points  just  referred  to,  Olavatella,  with  aU 
its  marked  individuaUty,  is  absolutely  identified  with  the  large  mis- 
cellaneous host,  including  the  Sertulariahs  and  the  Medusoe,  the 
Actiniu,  the  Coral,  and  the  Beroe.  By  these  two  characteristics  it  is 
also  set  apart  from  all  the  other  primary  groups  of  the  Animal 
Kingdom. 

I  have  endeavoured  to  picture  the  external  appearance  of  the 
Clavatella'Colonj,  and  to  describe  the  leading  features  of  its  struc- 
ture. Let  us  now  consider  some  of  the  vital  processes  of  which  it  is 
the  sphere.  A  slight  physiological  survey  will  suffice  to  disclose  the 
points  of  special  significance. 

And  first  as  to  nutrition — each  polypite  is  a  fisher  and  feeder  for 
the  commonwealth  ;  the  food  which  it  captures  and  digests  is  not 
for  its  own  nourishment  only,  but  for  that  of  the  colony  to  which  it 
belongs.  A  circulation  of  the  most  primitive  kind,  so  to  speak,  is 
carried  on  within  the  general  cavity  of  the  body  (Fig.  2,  d),   by 

*  The  whole  Hydroid  community  may  be  described  as  "  a  double-walled,  branching 
tube."    [Agaaaiz.] 
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means  of  which  the  pabalnm  prepared  in  the  Taricms  stomachs  is 
distribated  throughout  the  whole  structure.  A^nutrient  stream,  laden 
with  granules,  is  seen  to  flow  along  the  course  of  the  common  canal^ 
entering  each  polypite  in  turn  through  the  opening  at  the  base  of 
the  stomach  and  mingling  with  the  contents  ;  after  thus  traversing 
the  colony  in  one  direction,  and  charging  itself  with  the  nutritive 
elements,  it  flows  back  again,  fertilizing  as  it  goes.  This  simple 
arrangement,  this  flux  and  reflux  of  the  chymiferons  fluid,  which 
renews  itself  by  repeated  visits  to  the  numerous  depdts  of  food,  is 
in  the  place  of  all  the  complex  systems  of  secretion  and  circulation 
in  the  higher  animals.  It  may  naturally  be  asked,  how,  in  the 
absence  of  a  heart  or  propulsive  organ,  the  flow  of  the  nutrient 
juices  is  maintained.  The  main  agents  in  effecting  it  are  no  doubt 
the  cilia  which  cover  the  inner  surface  of  the  lining  membrane, 
assisted,  it  may  be,  by  the  contractility  of  the  walls  of  the  digestive 
cavity.  There  is  little  specialisation  of  organs  in  these  humble 
beings;  the  fluids  are  kept  in  circulation  by  thousands  of  dlia 
distributed  throughout  the  cavity  of  the  body,  and  in  like  manner 
the  respiratory  function  is  provided  for  by  the  general  action 
of  the  highly  oxygenized  sea-water,  and  not  through  any  specific 
structure. 

Then  as  to  growth,  the  OlavateUa-oolony  is  extended  by  a  vege- 
tative process ;  its  composite  organism,  like  the  more  complex  tree, 
is  the  product  of  continuous  gemmation.  The  primary  polypite, 
the  first  unit  of  the  commonwealth,  gives  origin  to  the  creeping  stem 
which  buds  from  its  base ;  and  from  this  stem  the  other  polypites  are 
developed  successively,  until  the  colony  is  complete.  In  the  present 
case  the  habit  is  of  the  simplest  kind ;  the  polypites  are  sessile, 
there  is  no  intricate  branching,  no  luxuriance  of  growth.  Olava* 
iella  may  be  called  a  dwarf  herbaceous  zoophyte.  The  large  com- 
plex arborescent  kinds  in  which  the  tall  shoots  support  their  hun- 
dreds of  polypites,  have  their  parallel  in  the  forest  tree.  The 
Hydroid  colony  is  the  product  of  an  indefinite  repetition  of 
similar  parts.  There  are  few  solitary  species,  for  the  vegetative 
tendencies  of  the  race  are  seldom  suppressed.  Even  the  Hydra, 
which  remains  single,  is  an  inveterate  budder,  and  if  it  could  retain 
its  offshoots  in  connection  with  itself,  instead  of  turning  them 
adrift,  would  rival  the  most  tree-like  of  its  tribe. 

If  we  examine  the  bud  put  forth  by  the  creeping  stem,  and  which 
is  to  become  a  polypite  in  time,  we  shall  find  that  it  is  a  mere  bulging 
of  the  double-wall,  forming  a  little  closed  sac,  into  which  the 
nutrient  current  penetrates.     Indeed,  in  such  new  portions  of  the 
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colony  the  circulation  is  peculiarly  active,  and  large  quantities  of 
granular  matter  {building  material  as  it  Were)  are  borne  to  them. 
This  sac-like  extension  of  the  stem- wall  gradually  lengthens ;  when 
a  certain  stage  of  growth  has  been  reached,  two  tentacles  begin  to 
bud  at  opposite  points  on  its  surface,  and  others  follow  until  the  full 
number  is  complete.  Before  they  are  all  developed,  however,  the 
summit  of  the  sac  opens,  and  the  new  polypite  having  thus 
obtained  a  mouth,  proceeds  at  once  to  supply  it,  and  contribute 
its  quota  to  the  nutrition  of  the  colony. 

This  rapid  sketch  may  perhaps  give  some  general  idea  of  the 
interior  economy  of  Hydroid  life,  and  we  must  now  pass  on  to  the 
last  and,  in  some  respects,  most  interesting  chapter  of  our  history^ 
that  which  relates  to  the  reproduction  of  the  species. 

Amongst  the  Hydrozoa  (or  zoophytes  of  the  Hydra  class)  to  one 
section  of  which  our  Olavatella  belongs,  the  functions  of  alimen- 
tation and  reproduction  are  assigned  to  different  members  of  the 
community.  There  is  a  class  that  is  charged  with  the  nutrition  of 
the  individual  colony,  and  another  that  is  charged  with  the  propa- 
gation of  the  species ;  just  as  leaf-buds  and  flower- buds,  dissimilar 
in  structure  and  appearance,  and  performing  different  offices,  are 
united  in  the  organism  of  the  plant.  The  polypites,  the  feeding- 
class,  have  already  been  described ;  let  us  now  glance  at  the  repro- 
ductive members  of  the  Glavatella-colonj, 

The  flower-bud  of  the  plant,  as  we  know,  is  fixed,  and  matures 
and  scatters  its  seed  in  situ ;  the  flower-bud,  so  to  speak,  of  the 
zoophyte  is  also  sometimes  fixed,  but,  in  many  cases,  it  is  organized 
for  independent  existence,  and  at  a  certain  stage  of  its  development 
detaches  itself  from  the  community,  and  becomes  free  and  loco- 
motive. In  this  condition  it  presents  a  striking  contrast  both  in 
external  appearance  and  habit  of  life  to  the  sedentary  stock  from 
which  it  sprung.  It  would  be  a  parallel  case,  if  the  flower  were  to 
escape  from  its  stem  and  float  like  the  insect  in  the  air,  till  its  seed 
was  ripened  and  discharged.  Clavatella  is  one  of  the  species  in 
which  the  reproductive  members*  of  the  colony  are  free. 

The  sexual  buds,  like  the  flowers  of  the  plant,  are  developed  at 
certain  seasons  only,  and  occupy  a  definite  position  in  the  colony. 
In  Clarahlla  they  occur  at  two  points,  near  the  lower  extremity 
of  the  body  of  the  polypite,  where  they  hang  in  opposite  clusters, f 
During  the  spring  and  summer  they  are  developed  in  great  numbers, 

*  If  ony  one  prefers  a  Q-reek  term,  he  msy  style  them  ffonozooidt. 
t  In  Fig.  1,  they  are  represented  on  the  hody  of  the  polypite  which  is  stretching  to 
one  side,  as  if  in  pursuit  of  prey. 
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bat  towiirds  antamn  the  reproductive  season  comes  to  an  end,  and 
the  zoophyte  retarns  to  its  merely  vegetative  condition.      These 
male  and  female  bads  (for  they  may  be  of  either  sex)  are  not  dis- 
tinguishable at  first,  except  by  their  position,  from  those  that  are  to 
become  polypites ;  but  they  soon  enter  upon  a  different  line  of  deve- 
lopment, and  shoTV  that  they  are  bound  for  another  goal.     At  thu 
same  time  they  show  as  clearly  that  they  are  structurally  allied  to 
the  polypite — that  they  are,  indeed,  poli/piies  with  a  diff^ence.     I 
shall  not  attempt  to  follow  them  through  all  their  stages ;  but  after 
a  time  one  in  each  cluster  is  found  to  be  much  ahead  of  its  com- 
panions, while  the  vigour  and  vivacity  of  its  movements  seem  to 
show  that  it  has  attained  its  majority.     It  is  attached  to  the  body 
of  the  polypite  by  a  short  and  slender 
stalk,  on  which  it    twists  itself   about 
with  much   vehemence,    as   if   it   were 
seeking  (as  indeed  it  is)  to  sever  its  con- 
nection with  the  parent  stock,  and  break 
away  into  free  life.     In  a  short  time  its 
efforts  are  successful ;  the  frail  bond  gives  v 

way,  and  it  ceases  to  be  an  integral  part  p,Q  3 

of  the  colony.     Fig.  3  is  a  representa- 
tion of  it  as  it  appears  at  this  stage.     At  first  sight  it  seems  to 
bear  little  external  resemblance  to  the  stationary  brethren  from 
which  it  has  just  parted.    But  let  us  see  ; 
we  may  perhaps  trace  a  family  likeucsa 
'  after  all.     Its  body  is  hemispherical  in 
shape  and  of  a  yellowish  white  colour  ; 
from   the   margin  of  its  inferior  surface 
spring  a  number  of  arms  or  tentacles 
(usually  six)  that  bear,  in  some  respects, 
the  closest  resemblance  to  those  of  the 
polypite,  but   also    exhibit  a   difierence 
which  has  a  special  significance.     They 
are    forked    instead    of    being    simple 
(Fig.  4)  ;  one  of  the  two  branches  into 
which  they  divide,    benra   tho  globular 
_  head  with  its  battery  of  thread-cells  (Fig. 

gi,^  4_  4,  a),  the  other  terminates  in  a  suctorial 

disc  (Fig.  4,  h),  which  adheres  tenaciously 
to  any  surface  to  which  it  may  be  applied.     These  arms  are  plainly 
for  manifold  uses ;  they  are  organs  of  locomotion,  as  well  as  instru- 
ments offensive  and  prehensile,    in  the  centre  of  the  lower  surface  of 
VOL.  r.  H.8. — NO.  ir.  o 
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the  body,  and  surroanded  by  the  tentacles  is  a  proboscis  (Fig,  3,^), 
which  supports  the  mouth  and  corresponds  with  the  similar  structnre 
in  the  polypite.  Set  round  the  body  at  the  points  of  junction  with 
the  arms  are  a  number  of  dark  red  spots  (Fig.  4,  c), — masses  of 
pigment  in  which  a  minute  crystal  is  imbedded — which  we  may 
safely  regard  as  simple  organs  of  sense,  and  probably  as  the  equi- 
valent of  the  eyes  of  the  higher  animals.  Before  its  separation  from 
the  parent-colony,  this  curious  organism,  as  I  have  mentioned, 
is  borne  on  a  short  stalk,  which  is  attached  to  the  rounded  (or 
upper*)  side  of  its  body;  at  this  time  the  mouth  and  arms  are 
turned  upwards,  and  as  it  sways  to  and  fro  on  its  slender  support 
it»  bears  a  general  resemblance  to  a  polypite  which  has  not  yet 
attained  its  full  proportions.  The  forked  arms  and  the  eye-like 
specks,  however,  are  significant  points  of  difference.  When  it  has 
detached  itself  it  reverses  its  position;  the  mouth  is  turned  doumward, 
and  by  means  of  the  sucker-bearing  limbs  of  the  tentacles  it  strides 
slowly  along,  the  branches  which  carry  the  thread-cells  being  left 
free  for  the  pursuit  and  capture  of  prey.  In  this  free  sexual 
member  of  the  Glavatella-colojij  we  may  recognize  in  spite  of  its 
adaptive  disguise,  a  polypite  modified  for  independent  existence; 
the  long,  stem-like  body  being  suppressed,  suctorial  discs  being 
appended  to  the  tentEicles  to  serve  as  feet,  and  certain  organs  of 
sense  being  superadded  as  a  provision  for  its  wandering  Ufe.  It 
should  be  mentioned  that  it  is  also  furnished  with  a  simple  system 
of  vessels  for  the  distribution  of  the  nutrient  fluid. 

We  have  then  before  us  the  ambulatory  member  of  the  Clavor- 
telloncolonjy  charged  with  the  reproductive  function,  sent  forth  to 
mature  and  scatter  the  seed  of  new  communities.  Leaving  its 
sedentary  brethren  to  veget-ate  beside  the  Algsa,  it  enters  upon  a. 
free  and  active  life  through  the  various  phases  of  which  we  must 
now  follow  it. 

I  have  said  that  it  strides  along  on  its  suctorial  feet,  and  I  may 
add  that  its  gait  is  peculiar,  and  that  its  movements  are  full  of 
character.  It  can  ascend  a  perpendicular  surface  with  perfect  ease, 
much  in  the  same  way  as  a  star-fish  does,  to  which  indeed  it  bears 
a  considerable  resemblance.  It  is  an  agile  climber,  and  is  to  a 
large  extent  arboreal  in  its  habits^  spending  much  of  its  time 
amongst  the  filaments  of  a  bright-green  confervoid  Alga,  to  which 
it  clings  by  means  of  its  suckers,  and  so  lies  in  wait  for  prey. 
What  a  contrast  it  offers,  perched  up  aloft,  or  passing  from  stem  to 

*  U^fper  after  its  libentioc;  but  the  loioer  before  it. 
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stem  in  search  of  food^  to   its  graceful  brethren  rooted  in   the 
hollow  below  I 

It  soon  however  betrays  its  affinities^  and  shows  that  it  comes 
of  a  vegetotiye  race ;  buds  begin  to  germinate  round  the  margin  of 
the  body  in  the  spaces  between  the  tentacles^  which  are  gradually 
developed  into  the  likeness  of  their  parent^  and  at  last  detach  them- 
selves and  repeat  its  manner  of  life.  Frequently^  too^  gemmation 
commences  in  the  young  before  its  separation,  and  three  generatioos 
are  for  the  time  organically  united.  In  all  this  we  have  a  reminder 
of  the  plant-like  Hydroids,  and  their  famous  type  the  Hydra. 

This  multiplication  by  budding,  which  takes  place  in  the  earlier 
part  of  ike  spring,  is  a  most  prolific  process ;  indeed,  it  is  difficult 
to  set  a  limit  to  it,  and  an  immense  number  of  these  propagators  of 
their  species  must  be  the  final  product  of  ^ack  colony.  If  the  progeny 
maintain  the  same  rate  of  increase  as  the  parent,  an  individual  would 
soon  be  represented  by  some  thousands  of  descendants.*  Many, 
no  doubt,  fall  a  prey  to  other  animals,  and  perish  in  various  ways ; 
but  making  every  allowance  for  loss,  the  provision  for  the  contina- 
ance  of  the  species  must  be  ample  indeed. 

The  budding  is  almost  confined  to  the  early  part  of  the  spring ; 
as  the  season  advances  it  gives  way  to  a  true  sexual  reproduction. 
The  male  individuals — I  use  the  latter  term  in  a  popular,  and  not  in  a 
zoological  sense — are  much  less  common  than  the  female ;  indeed, 
they  seem  to  be  rarely  met  with.  The  latter  are  found  at  the 
proper  time  laden  with  the  eggs,  which  are  produced  in  the  upper 
portion  of  the  body  (Fig.  3,  o),  between  the  two  layers  of  the  body- 
wail,  to  which  I  have  before  referred  as  characteristic  of  all  Coelen- 
terate  structure.  As  they  increase  in  size  they  form  a  prominent 
hump  on  the  upper  side,  and  materially  affect  the  shape ;  soon  they 
are  developed  into  perfect  embryos,  and  lie  awaiting  their  escape. 

We  now  reach  the  closing  scene  of  the  life-history.  As  its  load 
increases,  the  activity  of  the  zooidt  begins  to  decline^  and  at  last  it 
passes  into  a  state  of  absolute  quiescence.  Its  work  is  now  accom- 
plished j  fixing  itself  firmly  by  means  of  its  suctorial  feet,  it  remains 
immovable,  the  capitate  branches  of  the  tentacles  standing  out 
rigidly  round  the  body,  Hke  the  rays  of  a  star-fish.     It  resumes,  in 

*  Profeieor  ¥,  de  Filippi  telk  ui  that,  in  two  Aquaria  which  be  had  the  oppoiiunitj 
of  obsendng,  he  had  found  them,  during  the  month  of  April,  "  in  incalculable  numbers/' 
80  that  the  sides  of  the  yessels,  and  especially  those  exposed  to  the  light,  were  coyered 
with  them.    He  was  able  to  examine  hundreds,  nay  thousands,  of  them  in  every  stage. 

t  Zooid  is  a  yery  conyenient  term  ;  it  is  employed  to  designate  the  half- independent 
elements,  which  are  united  in  the  complex  indiyidualitj  of  the  Zoophyte,  sach  as  the 
polypite,  the  gonotooid^  etc 
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short,  the  stationary  habits  of  its  race,  and  in  this  condition  it  con- 
tinues until  by  the  rupture  of  the  walls  of  the  body  the  brood  of 
embryos  is  liberated  and  dispersed,  just  as  the  seeds  of  the  plant 
are  set  free  by  the  bursting  of  the  seed-vessel.  So  the  reproductive 
member  of  tiie  Clavatella-colonj  fulfils  its  mission,  and  comes  to 
an  end. 

The  embryo  of  Glavatella,  as  of  almost  all  the  Ccelenterata,  is  a 
minute  ciliated  body,  bearing  a  general  resemblance  to  an  animal- 
cule, which  after  a  brief  term  of  activity  loses  its  locomotive 
organs,  attaches  itself,  and  is  developed  into  a  polypite,  from  which 
by  repeated  buddings  the  perfect  colony  is  evolved. 

I  have  selected  Olavatella  specially  as  a  representative  of  its 
order,  the  Hydroida ;  and,  in  a  more  general  way,  as  an  illustration 
of  the  plan  of  Coelenterate  structure.  I  ought  therefore  before 
concluding  my  history,  to  mention  the  points  in  which  it  is  unique, 
and  differs  from  all  its  kindred.  It  may  be  taken  as  in  most 
respects  an  exponent  of  their  organization  and  manner  of  life; 
but  it  presents  a  peculiarity  which  is  both  interesting  in  itself,  and 
also  as  a  clue  to  the  interpretation  of  certain  portions  of  the  general 
structure.  It  has  been  stated  that  in  many  of  the  Hydroid 
Zoophytes  the  sexual  bodies  continue  in  connection  with  the  colony, 
like  the  fiower-bud  of  the  plant;  but  that  in  many  others  they 
become  free,  and  lead  an  independent  life  while  discharging  their 
reproductive  functions.  Olavatella,  however,  is  the  only  species 
known  to  us  in  which  the  sexual  zooid  is  ambulatory  in  its 
habits.*  In  all  other  cases,  with  one  or  two  exceptions,  the 
reproductive  member  of  the  colony,  when  free,  is  furnished 
with  a  contractile  swimming-bell,  within  which  the  portion  of  the 
body  containing  the  stomach  and  mouth  is  suspended;  and 
by  the  alternate  contraction  and  expansion  of  this  bell,  it  is 
driven  through  the  water.  In  other  words,  the  free  sexual  zooid 
of  the  Hydroida  is,  in  a  large  proportion  of  cases,  Medusiform,  and 
has  been  commonly  described  as  a  Medusa,  It  has  no  rightful 
claim,  however,  to  a  name  which  seems  to  imply  that  it  is  an  inde- 
pendent animal,  instead  of  a  mere  member  of  the  Hydroid  com- 
munity, detached  on  special  service.  The  Medusa-like  zooid  is  a 
floater  and  swimmer,  and  of  course  will  secure  a  much  wider  range 
of  distribution  for  the  embryos  than  the  ambulatory  zooid  of 
Olavatella.  Unlike  however  as  the  two  are  in  their  mode  of 
locomotion,  the  structural  differences  between  them  are  by  no  means 

*  That  of  Sleutheria  (Quatrefages),  inoleed,  can  drag  itself  along  bj  means  of  ita 
tentacles  on  a  flat  sorface ;  bat  it  is  tmlj  scansorial  in  its  habits. 
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great.  The  sexual  zooid  of  Clavatella  requires  but  slight  modification 
to  change  it  into  a  Meduaoid.  Give  it  a  swimmiDg-bell^  the  elements 
of  which  it  has  in  its  structure^  though  otherwise  employed^  and 
the  conversion  is  effected.  I  have  already  pointed  out  the  close 
relationship  which  there  is  between  it  and  the  alimentary  member 
of  the  Clavatelloncolojij,  notwithstanding  their  dissimilarity  in 
appearance.  The  ambulatory  zooid^  therefore^  is  a  most  interesting 
link  between  the  polypite  (the  feeder)  and  the  (so-called)  Medusa 
(the  reproducer),  the  two  modes  of  Hydroid  structure  that  seem  to 
be  most  widely  divergent.  But  these  things  he  beyond  the  limit 
of  the  plain  and  simple  history  which  it  was  my  purpose  to  relate. 

The  restless  embryo,  whirling  hither  and  thither  in  search  of  a 
place  of  settlement;  the  colony  of  graceful  polypites,  linked  to- 
gether in  a  common  life,  rooted  amongst  the  Algfld  in  some  pellucid 
pool,  developing  new  members,  as  the  plant  new  branches  and 
leaves,  bearing  too  when  the  time  is  come  its  quasi  flower-buds, 
and  casting  them  off,  when  perfect,  to  ripen  and  scatter  the  seed 
of  other  colonies;  the  sexual  zooid,  freed  from  the  parent-stock, 
roaming  about  on  its  suctorial  feet,  or  climbing  amongst  the  forests 
of  weed  in  quest  of  prey,  multiplying  itself  many  fold  by  gem- 
mation, and  at  last  giving  origin  to  a  brood  of  embryos,  that  start 
into  active  existence  through  its  death,  and  so  completing  the  cycle ; 
these  are  the  principal  phases  of  the  being  which  we  have  been 
studying. 

If  I  have  at  all  succeeded  in  conveying,  through 'this  simple 
sketch,  a  vivid  and  accurate  conception  of  this  remarkable  Life- 
history,  my  readers  will  have  in  their  hands  a  key  to  the  inter- 
pretation of  the  whole  group  of  Hydroid  Zoophytes.  Incidentally 
too,  through  a  Uving  example,  the  structural  bases  of  the  great 
Ccelenterate  sub-kingdom  have  been  brought  to  their  view. 
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COAL-TAR  AND  ITS  PRODUCTS. 

BY  EDMUND  J.   inLLS,    D.SC,   F.C.S. 

{Goniinued.) 

In  the  last  article^  a  sketch  was  given  of  a  chemical  theory  of  coal- 
formation^  and  of  the  production  of  tai* ;  and  after  pointing  out  the 
mode  of  utilizing  the  aqueous  portion  of  the  tar^  the  oily  constituent 
was  alluded  to^  and  attention  drawn  to  its  oxygenous  constituents. 
Of  these,  phenol  and  some  of  its  derivatives  were  briefly  described ; 
the  others  (cresol,  phlorol,  rosolic,  and  brumohc  acid)  have  not  as  yet 
acquired  sufficient  industrial  importance  to  be  at  present  appro- 
priately discussed. 

Sydrocarhona. — ^This  name  is  applied  by  chemists  to  bodies 
consisting  exclusively  of  hydrogen  and  carbon.  They  form  a 
principal  constituent  of  tar  proper,  or  the  oily  layer,  in  which  they 
occur  very  numerously.  The  most  important  of  this  large  group  o\ 
bodies  is  undoubtedly  benzol,  a  substance  which  is  in  many  ways 
exceedingly  interesting.  As  a  characteristic  ingredient  in  coal-tar, 
the  relation  of  its  formula  (Cq  Ha)  to  that  of  cellulose  (Ce  H|,  0«)  is 
most  suggestive,  and  strongly  confirmatory  of  those  genetic  relations 
of  coal  itself  which  have  already  been  detailed — just  as  the  charac- 
teristic presence  of  hexylic  hydride  (Cc  HiJ  in  Boghead  petroleum 
also  points  to  the  same  conclusion.  The  history  of  benzol  is  some- 
what remarkable.  In  the  year  1825  Faraday  was  occupied  with  the 
investigation  of  certain  liquids  which  were  deposited  in  the  cases 
used  for  containing  compressed  oil-gas,  a  material  which  was  at 
that  time  a  cheap  source  of  illumination.  He  was  able  to  detect,  in 
the  complex  mixture  on  which  he  had  to  work,  a  body  to  which,  in 
accordance  with  the  current  nomenclature  and  notation  of  his  time, 
he  gave  the  name  "  bicarburet  of  hydrogen.^^  Several  years  after- 
wards, Mitscherlich  found  that  on  distilling  benzoic  acid  with  lime,  a 
volatile  oil  came  over,  and  that  this  was  in  every  respect  identical 
with  Faraday^s  compound.  Hence  the  name  '^  benzol.^^  It  was 
not,  however,  until  1845  that  Hofmann  proved  the  presence  of 
benzol  in  coal-tar;  nor  until  three  years  later  that  Mansfield 
(unhappily  a  martyr  to  these  researches)  showed  how  it  might  be 
obtained  from  that  source  on  an  industrial  scale.  A  small  specimen 
of  Faraday's  original  preparation  is  still  in  existence,  sealed  up  as  a 
recondite  curiosity  by  its  discoverer ;  now,  benzol  is  manufactured 
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by  the  ton.    The  direct  proportion  of  power  to  knowledge  coald 
scacrcely  be  illustrated  by  a  more  instmctive  contrast. 

Benzol  constitutes  sometimes  as  much  as  one- tenth  of  the  weight 
of  crude  tar.  In  order  to  prepare  it^  the  light  oil  is  used  as  a 
fltarting-poinb.  This  material  is  placed  in  large  stills^  and  submitted 
to  what  is  termed  '^  fractional  distillation/'  that  is^  to  a  distillation 
in  which  the  contents  of  the  retort  are  separated  into  certain 
portions^  which  are  distilled  over  and  received  separately.  The 
Apparatus  employed  is  very  simple  in  principle,  and,  however  varied 
in  form,  is  generally  merely  the  embodiment  of  a  method  first 
delineated  by  Mansfield.  The  retort  invariably  contains  a  mixture 
of  hydrocarbons,  having  a  gradually  increasing  boiling-point,  and  a 
^adually  increasing  chemical  complexity.  On  applying  heat  so  as 
to  cause  ebullition,  the  first  '^  distillate  "  or  substance  that  arrives  at 
the  receiver,  will  be  that  which  possesses  the  lowest  .boiling-point ; 
the  next  will  have  the  next  higher  boiling-point,  and  so  on.  This 
law,  however,  is  not  more  than  approximately  true,  it  being  always 
found  in  practice  that  a  complete  separation  of  the  constituents  in 
the  retort  cannot  be  efFected,  each  body  of  lower  boiling-point 
dragging  with  it,  so  to  speak,  some  of  each  body  of  higher  boiling- 
point.  The  impurities  which  would  be  thus  introduced  into  the 
distillate  necessarily  exist  in  the  vapour;  but  it  is  found  that,  by 
passing  the  vapour  through  an  upright  tube  surrounded  by  baths  of 
various  suitable  temperatures,  they  can  be  cooled  out,  and  compelled 
to  run  back  into  the  retort,  without  rising  high  enough  to  pass 
over  into  the  receiver.  The  benzol  of  commerce,  however,  is  never 
pure,  its  boiling-point  being  frequently  100^ ;  in  fact,  a  steam-bath 
is  employed  in  its  preparation.  Absolutely  pure  benzol  can  be 
obtained  by  re-distilling  commercial  benzol  at  about  80°,  and  sub- 
mitting the  distillate  to  the  prolonged  action  of  a  freezing  mixture. 
It  then  crystallizes  in  beautiful  white  plates,  having  a  high  lustre, 
which  melt  at  about  3°,  and  from  which  the  impurities  can  be 
removed  by  draining  and  pressure  in  a  cold  apartment.  When 
these  crystals  are  re-melted,  they  constitute  a  colourless,  highly 
refractive  liquid,  of  somewhat  agreeable  odour,  boiling  at  82°,  and 
considerably  lighter  than  water.  The  crude  or  pure  product  may 
be  used  as  a  solvent  of  grease-stains,  of  caoutchouc,  gutta  percha, 
and  resins,  as  an  ingredient  in  varnishes,  as  a  chemical  discriminant 
in  analysis,  as  a  means  of  rendering  tracing-paper  temporarily 
transparent,  etc. ;  but  its  most  important  application  is  to  the  maau- 
factare  of  nitro-benzol. 

When  a  mixture  of  oil  of  vitriol  and  hydric  nitrate  is  carefiilly 
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cooled  and  poured  into  benzol,  water  and  nitro-benzol  are  formed. 
The  operation,  which  is  performed  in  iron  or  earthenware  vessels, 
lias  to  be  aided  by  continual  agitation,  and  any  rise  of  temperature 
prevented  by  an  external  stream  of  cold  water.  As  soon  as  the 
chemical  action  has  terminated,  a  large  quantity  of  water  is  added, 
when  a  yellow  oil  falls  to  the  bottom  of  the  liquid.  This  is  washed 
with  a  weak  alkaline  ley,  and  distilled  if  required.  The  dilute  oil  of 
vitriol  and  hydric  nitrate,  which  form  a  necessary  by-product  of  this 
process,  are  sold  to  the  manufacturer  of  hydric  sulphate  (sulphuric 
acid),  by  whom  they  are  transferred  directly  to  the  ''leaden 
chambers  .^^ 

CoUas,  a  Parisian  pharmaceutist,  was  the  first  to  prepare 
nitro-benzol  on  a  commercial  scale.  Its  odour,  so  remarkably 
similar  to  that  of  bitter  almond  oil,  led  him  to  employ  it  in  per- 
fumery under  the  name  of"  Essence  de  Mirbane.^'  Its  peculiar  and 
somewhat  obscurely  noxious  after- effects  on  the  human  body 
decidedly  forbid  its  use  as  a  flavour.  But  the  true  value  of  nitro- 
benzol  lies  in  its  being  the  source  of  aniline,  from  which,  in  its  turn, 
so  many  beautiful  and  well-known  colours  have  been  derived.  The 
transformation  into  aniline  is  easily  and  simply  effected.  From  a 
large  number  of  ''reducing  processes,^'  as  they  are  termed,  all  of 
which  are  in  principle  identical,  the  practical  chemistry  of  commerce 
has  selected  one,  for  which  we  are  indebted  to  B^champ.  The 
method  consists  in  placing  nitro-benzol  in  contact  with  iron  filings, 
and  hydric  acetate,  in  a  suitable  distillatory  apparatus,  and  applying 
heat,  when  aniline  distils  over.  The  chemical  effect  of  the  re- 
agents is  to  remove  the  oxygen  of  the  nitro-benzol,  and  to  place 
hydrogen  in  its  stead.  The  following  formulae  will  serve  as  a  sort  of 
historical  synopsis  of  what  occurs : 

Benzol  .  .  .     CgH^  (H)=C«  Ha. 

Nitro-benzol  .  .     O5  H,  (N  0,). 

"  Amido-benzol,^^  or  aniline  .  C$  H^  (N  Ha). 
Aniline  is  a  colourless  liquid,  having  a  peculiar  but  not  unplea- 
sant smell ;  it  is  a  little  heavier  than  water,  and  boils  at  182^.  It 
is  known  to  be  present,  in  very  minute  proportions,  in  crude  tar. 
Pure  aniline,  however,  is  seldom  if  ever  realized  as  a  manufacturing 
product,  a  circumstance  which  will  be  readily  understood  from  the 
following  considerations.  The  benzol  usually  employed  as  a  source 
of  aniline,  almost  invariably  contains  more  or  less  toluol,  xylol,  and 
other  Ught  oily  bodies  of  a  nature  quite  kindred  to  itself.  Like  it,  they 
form  nitro-compoands  and  amido-compounds,  all  of  which  in  their 
respective  chemical  functions,  are  identical.     The  sale  and  employ- 
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ment  of  commercial  nitro-benzols  depend  on  chemical  composition^ 
of  which  an  estimate  can  be  made  from  their  boiling-points.  These 
range  usually  from  205°  to  235°  and  yield  from  nearly  75  i  per  cent, 
(the  theoretical  quantity)  to  55  per  cent,  of  aniline.  This  aniline 
is  contaminated  with  amido-totuol,  amido-xylol,  etc.,  bodies  which, 
in  proportion  to  the  amount  in  which  they  are  present,  materially 
affect  the  nature  of  the  colour  that  may  be  prepared  from  it. 

Benzol  and  its  congeners  are  undoubtedly  the  most  important 
hydrocarbons  that  exist  in  coal-tar.  They  are  directly  allied  to 
benzoic  acid,  oil  of  bitter  almonds,  and  other  ^^  aromatic^^  bodies, 
in  which  group  they  stand  as  the  representatives  of  marsh-gas  in 
the  ^^  fatty'^  series  of  substances,  of  which  common  alcohol  is  a 
member. 

Among  the  various  impediments  to  the  efficient  delivery  of  gas 
to  its  consumer,  a  crystalline  hydrocarbon  has  at  times  been  found 
deposited  in  the  mains,  and  blocking  them  up,  even  at  a  remote 
distance  from  the  works.  This  has  been  named  naphthalin.  It 
forms  pearly  plates  of  great  beauty,  and  very  considerable  size, 
which  can  be  sublimed  and  carried  along  by  another  vapour,  even 
more  easily  than  camphor.  Its  odour  is  rather  repulsive.  When 
treated  with  hydric  nitrate  it  undergoes  precisely  the  same  trans- 
formation as  benzol;  and  the  m^ro-naphthalin  thus  produced  is 
capable  of  conversion,  like  its  analogue,  into  amido-naphthalin,  or 
naphthylamine,  a  solid  basic  body,  generally  very  similar  to,  but 
much  less  stable  than  aniline.  Many  attempts  were  made  to  utilize 
naphthalin  as  a  source  of  colour,  but  without  result,  until  Martins 
and  Griess  succeeded,  about  three  years  since,  in  producing  from  it 
a  beautiful  and  permanent  yeUow  dye.  This  was  accomplished  as 
follows.  To  an  aqueous  solution  of  the  compound  of  naphthylamine 
with  hydric  chloride,  potassic  nitrite  was  slowly  added,  until  a 
small  portion  of  the  liquid  gave  a  cherry-red  precipitate  on  treat- 
ment with  an  alkali.  Hydric  nitrate  was  then  poured  into  the 
liquid,  the  temperature  of  which  was  gradually  raised  to  the  boiling 
point.  Much  nitrogen  escaped,  and  a  crystalline  deposit  collected 
continuously  round  the  sides  of  the  vessel  wherein  the  operation 
was  performed.  The  new  colour,  whose  systematic  name  is  dinitro- 
naphthol,  is  capable  of  dyeing  silk  and  wool  without  a  mordant, 
and  of  any  required  shade  between  a  bright  citron  and  a  deep 
golden  yellow.  Its  tinctorial  power  is  considerable,  a  kilogramme 
of  the  sodic  or  calcic  salt  (the  usual  form  in  which  it  occurs  in  com- 
merce), being  capable  of  imparting  a  fine  yellow  tint  to  two  hundred 
times  its  weight  of  wool. 
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It  deseryes  to  be  pointed  out  that  the  atilization  of  naphthalin  in 
this  manner  could  hardly  have  been  effected  without  the  prior 
inqmrieB  of  Griess;  who,  quite  independently  of  any  industrial  object^ 
had  occupied  himself  with  an  important  inyestigation  into  certaui 
reactions  of  a  derivative  of  hydric  nitrate.  When  the  proper  time 
arrived,  it  was  easy  for  this  chemist  and  his  coadjutor  to  apply  the 
results  of  pure  research  to  the  solution  of  an  industrial  problem. 
There  are  many  hydrocarbons  existing  in  the  ^'dead  oil"  of  tar, 
and  boiling  above  220°,  which  yet  remain  unprofitable,  except  as 
coarse  illuminating  agents,  but  are  no  doubt  also  approaching  that 
critical  moment  when,  like  two  intersecting  curves,  their  preparation 
in  the  pure  state  on  a  large  scale,  and  some  new  epoch  in  chemical 
theory  shall  reach  the  same  happy  point  simultaneously. 

Two  groups  of  hydrocarbons  which  are  found  in  tar  may  be 
alluded  to  very  briefly.  These  are  a  few  fluid  "  defines,"  hexylene 
and  heptylene,  for  example,  which  owe  their  name  to  the  fact  that 
they  form  oily  compounds  with  chlorine.  There  are  also  a  few 
members  of  the  marsh-gas  group,  such  as  octylic  and  decylic 
hydride,  which  belong,  as  has  been  already  stated,  to  the  fatty 
series  of  bodies.  Neither  of  these  is  found  in  more  than  a  small 
amount  in  coal-tar;  into  which,  though  their  occurrence  there  is 
important  and  interesting,  they  appear  to  have  intruded  as  unex- 
pected visitors.  They  cannot  be  extracted  economically  from  such 
an  overwhelming  amount  of  foreign  ingredients,  nor  are  they  in 
themselves  a  source  of  colour.  Both  they  and  all  their  immediate 
allies,  however,  admit  of  easy  preparation  by  other  methods,  and 
are  already  in  use,  to  a  greater  or  less  extent,  as  valuable  means  of 
modifying  shades  of  colour  which  have  been  obtained  by  known 
processes.  Their  use  is,  in  fact,  to  borrow  a  naturalist's  term, 
chiefly  for  purposes  of  ^'crossing."  The  first  conscious  step  in 
this  direction  was  made  by  Hofmann  in  1863.  Having  ascertained 
by  experiment,  that  aniline  blue  was  triphenyl-rosaniliue,  in  other 
words,  magenta  (rosaniline),  in  which  three  units  of  hydrogen  had 
been  exchanged  for  phenyl ;  he  immediately  proceeded  to  try  the 
-effect  of  introducing  methyl,  ethyl,  etc.,  instead  of  phenyl,  and 
with  very  satisfactory  results.  These  will  be  referred  to  more  fully 
in  a  future  article. 

One  of  the  most  important  dye-stuffs  which  is  manufactured  is 
madder.  Its  employment  is  very  ancient,  for  it  is  mentioned  by 
Dioscorides  as  a  plant  commonly  cultivated  in  his  time  for  tinctorial 
purposes.  The  well-known  Turkey-red  is  a  madder  dye,  remark- 
able for  its  permanence  and  stability  ;  and  so  valuable,  that  a  large 
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ertent  of  ground  in  Europe  is  occupied  with  the  prodincfcion  of  the 
primitiye  material.  But  although  the  art  of  madder-dyeing  is 
centnrieB  old^  it  was  not  until  the  rise  of  modern  theooretical 
chemistry  that  scientific  investigations  were  undertakeii  into  the 
nature  of  the  process  as  a  whole.  The  subject  proved  estremely 
comphcated^  and  seemed  to  grow  more  obscure  with  the  amount  of 
attention  that  was  directed  to  it^  when  a  happy  surmise  threw  light 
upon  the  dim  inquiry.  It  now  seems  certain  that  the  fresh  plant 
contains  no  colouring  constituent^  but  that^  as  soon  as  the  con- 
ditions of  growth  are  removed^  and  common  water  (not  below  a 
certain  temperature)  is  added^  one  or  more  substances  contained  in 
it  undergo  decomposition  and  yield  colouring  matter  with  great 
rapidity.  There  are  other  known  instances  of  this  kind.  Indigo- 
blue^  for  example^  does  not  pre-exist  in  the  plants  but  ia  produced 
by  oxidation  in  presence  of  water. 

The  course  of  experiment  soon  revealed  the  existence  of  two 
colours  in  the  altered  madder^  viz,,  aUzarine  and  p%rpurine,  the 
former  being,  in  all  probability,  the  real  basis  of  Turkey-red, 
These  bodies  are  remarkably  similar  to  each  other  in  their  chemical 
properties ;  but  they  can  be  separated  from  each  other,  and  obtained 
in  the  pure  state  without  much  difficulty.  They  are  both  crystal- 
line, are  taken  up  by  many  solvents,  and  can  be  sublimed,  if  due 
care  be  exercised.  Hence,  it  appeared  at  first  sight,  their  chemical 
formulae  could  be  determined ;  and  formulae  which  very  accurately 
represent  the  percentage  composition  of  these  bodies  were  un- 
doubtedly attained.  But  the  nature  of  the  case  (I  now  allude  to 
alizarine  only)  precluded  a  perfect  decision ;  and  chemists,  for  the 
most  part,  accepted  the  expression  of  WolflF  and  Strecker 
(Cio  Hj  Oj)  as,  upon  the  whole,  the  most  probable  that  could  then 
be  devised. 

It  was  at  this  point — a  purely  theoretical  one,  it  will  be  per- 
ceived— that  the  madder  manufacture  began  to  feel  the  influence  of 
coal-tar  utilization,  an  industry  which  had  sprung  up  meanwhile, 
with  silent  but  startling  rapidity ;  for  chemists  had  investigated  many 
of  the  tar  products,  and,  in  accordance  with  their  invariable  practice, 
had  assigned  a  formula  to  each  of  them.  Now  it  could  not  f^il  to 
be  noticed  that  naphthalin  (Cio  Hs)^  at  that  time  a  perfectly  useless 
substance,  agreed  with  alizarine  in  containing  the  unit  of  carbon 
ten  times ;  and  as  the  transformation  of  Hg  into  (H^  0,)  promised  to 
be  accomplished  by  known  methods,  it  was  confidently  asserted  that 
the  artificial  formation  of  alizarine  from  naphthalin  would  be  merely 
a  question  of  time.     A  suitable  derivative  of  naphthalin  was  duly 
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obtained.  ChloroxynaplithaUc  acid^  as  it  was  termed  (do  H^  CI  0,)^ 
can  be  prepared  in  any  desired  quantity  from  the  primitive  hydro- 
carbon ;  and,  if  the  theory  were  true,  it  would  only  be  necessary  to 
remove  chlorine  (01)  from  the  derivative,  and  put  hydrogen  (H) 
in  its  place,  to  arrive  at  artificial  alizarine  (Cio  Ho  0,).  Investi- 
gation showed  that,  although  this  exchange  could  not  be  effected 
by  any  of  the  ordinary  expedients,  yet  the  substance,  do  Hi  0^  could 
be  prepared  from  naphthalin  in  another,  but  rather  circuitous  way. 
It  was  not,  however,  identical  with  aUzarine,  and  proved  to  be  a 
yellow  instead  of  a  red  dye, — belonging,  moreover,  to  quite  a 
different  class  of  tinctorial  agents. 

Now,  there  could  be  no  doubt  whatever  about  the  correctness  of 
the  assumed  formula  for  naphthalin,  and  little,  if  any,  about  that  of 
chloroxynaphthalic  acid.  Either,  therefore,  the  formula  for  alizarine 
was  false,  or,  if  not,  the  difficulty  must  be  solved  by  isomerism.  It 
is  unnecessary  to  allude  more  particularly  to  the  effect  of  adopting 
the  latter  alternative,  inasmuch  as  the  researches  of  Graebe  and 
Liebermann  have,  only  within  the  last  two  years,  convincingly 
shown  that  we  must  accept  the  former.  The  formula,  then,  is  not 
Cio  Ha  Oj,  but  Cu  He  O4.  Now,  though  both  expressions  are  very 
accordant  so  far  as  representing  chemical  composition  is  concerned,^ 


Cio  H«  Oi 

Cm  H,  0. 

Carbon 

69-0 

70-0 

Hydrogen 

3-4 

3-3 

Oiygen 

27-6 

26-7 

100-0  100-0 


the  chemical  relationships  they  suggest  are  very  different  indeed. 
The  question  then  arises.  If  the  Cio  formula  assign  alizarine  to  the 
wrong  hydrocarbon,  to  what  hydrocarbon  does  the  Cu  formula 
rightly  conduct  ? 

The  material  for  a  full  answer  lay  ready  to  hand.  Many  years 
ago,  the  distinguished  Laurent  had  imperfectly  isolated  a  solid, 
crystalline,  volatile  body  from  parts  of  the  tar  which  boiled  at  a 
very  elevated  temperature,  and  made  an  approximate  study  of  its 
properties.  After  a  considerable  interval,  Anderson  resumed  the 
inquiry,  and  with  such  success  as  to  leave  no  doubt,  in  the  minds 
of  chemists,  that  he  had  acquired  for  science  both  the  method  of 
preparing  a  pure  substance,  its  accurate  symbolic  expression,  and 
the  general  nature  6{  its  chemical  deportment.     The  hydrocarbon^ 
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to  which  the  name  of  anthracene^  Cu  Hjo  was  now  given,  yielded  a 
numeroas  progeny  of  derivatives,  among  which  oxanthracene  was 
more  especially  described  by  Anderson.  Graebe  and  Liebermann 
commenced  by  treating  alizarine  itself  with  zinc  and  water,  in  such 
a  manner  as  to  completely  deoxidize  and  hydrogenate  it.  The 
result  of  this  operation  was  the  formation  of  anthracene,  which  was 
consequently  the  hydrocarbon  sought  in  answer  to  the  question 
above  stated.  The  relation  between  alizarine  and  oxanthracene 
became  immediately  apparent,  and  it  was  only  necessary  to  act 
upon  the  latter  alternately  with  bromine  and  potash  to  obtain  dioxy- 
oxanthracene ;  in  other  words,  aUzarine  itself.  It  is  now  known 
that  alizarine  can  be  prepared  from  this  source  in  quantity  sufficient 
to  meet  any  commercial  requirement. 

Professor  Stokes,  in  his  opening  address  to  the  British  Asso- 
ciation at  Exeter,  justly  drew  attention  to  this  remarkable  instance 
of  the  nature  of  many  chemical  discoveries,  which  may  revolutionize 
the  entire  province  of  a  manufacture,  and  alter  the  direction  or 
magnitude  of  most  important  social  forces.  The  successful  prepa- 
ration of  alizarine  from  coal-tar  necessarily  involves  the  gradual 
abandonment  of  madder  agriculture,  and  of  the  production  of 
garancin,  the  devotion  of  much  land  and  labour  to  other  useful 
purposes,  and  the  creation  of  a  new  and  most  important  industry. 
Illustrations  of  such  results  abound  in  chemical  history.  The 
colours  derived  from  lichens,  dye-woods,  cochineal,  for  instance, 
are  either  no  longer  produced,  or  on  a  small  scale  only,  having 
been  displaced  by  coal-tar  dyes.  Washing  soda,  formerly-  imported 
from  Spain,  where  it  was  made  from  burnt  seaweed,  is  no  longer 
manufactured  there,  that  country  purchasing  her  supplies  from  the 
Clyde.  Of  Sicily,  again,  we  are  now  independent,  our  own  pyrites 
furnishing  us  with  abundance  of  the  sulphur,  of  which  she  formerly 
had  a  monopoly. 

With  the  benzol  series,  napthalin  and  anthradene,  the  list  of 
characteristic  tar  hydrocarbons  at  present  utilized  is  exhausted.  We 
cannot  doubt,  however,  that  tar  will  be  almost  as  fertile  a  field  of 
discovery  in  the  future  as  it  has  been  in  the  past,  and  that  com- 
merce will  rapidly  avail  herself  of  the  tardier  results  of  theoretical 
research. 

In  a  subsequent  article,  I  hope  to  give  some  exposition  of  the 
history  of  the  coaUtar  colour  manufacture,  and  of  the  scientific 
principles  upon  which  it  is  founded.  A  table  of  the  products  of  the 
destructive  distillation  of  coal  is  here  appended,  as  serving  to 
supply  an  accurate  idea  of  the  stage  which  this  branch  of  chemical 
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inquiry  has  hitherto  attained.  It  is  based  on  a  similar  one  compiled 
by  Dr.  Hofinann  in  1862^  to  which  a  few  more  terms  have  been 
added.  The  boiling-points  have  been  corrected  to  the  present 
time^  and  the  existence  of  groups  is  specially  indicated  by  group 
names.  The  evident  connection  between  boiling-point  and  chemical 
composition^  the  step-like  progression  of  farmulas  in  a  group^  and 
other  relations  of  various  kinds^  render  this  table  in  itself  a  very 
interesting  study. 
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THE  ASS  AND  HORSE  OF  ARYAN  ANTIQUITY. 

M.  P.  Lenoemont  read  a  paper  on  this  subject  to  the  French 
Academy,  in  February,  in  which  he  says  :  '^  The  horse  is  one  of  the 
domestic  animals  which  the  Aryans  possessed  most  anciently,  and 
the  nse  of  which  was  general  amongst  their  tribes  before  they  were 
divided,  to  spread,  some  in  Europe,  and  others  in  Persia  and  India. 
The  name  of  the  horse  is,  in  fact,  the  same  in  all  the  Aryan  idioms. 
In  Sanscrit  it  is  a^a;  in  Zend,  agpa;  in  Persian,  asp  ;  in  Arme- 
nian, asb ;  in  Lithuanian,  aszwa  ;  in  Latin,  equus ;  in  Greek,  itttto?, 
derived  from  a  primitive  ?x/^^  *^^  hocf^^>  which  was  only  preserved 
amongst  the  Eolians ;  in  Gaulish,  epos ;  Gothic,  aihvus ;  old  German^ 
ehu.  This  name  usually  signifies  'the  rapid  animal.*  Moreover, 
the  horse  was  used  exclusively  by  the  primitive  Aryans  as  an  animal 
for  drawing,  attached  to  chariots.  In  the  Vedas,  equitation  is  still 
unknown ;  and  among  the  Hellenic  populations,  the  origin  of  this 
art  is  placed  in  Thessaly,  and  the  fable  of  the  Centaurs  refers  to  it. 

'^  The  ass,  on  the  contrary,  was  neither  known  to,  nor  employed 
by,  the  Aryans  in  their  primitive  country,  or  before  their  separa- 
tion, for  it  has  no  common  name  amongst  the  divers  peoples 
descended  from  them.  Its  Sanscrit  names  are  mostly  Indian ;  one 
only  is  found  in  the  Iranian  languages ;  and  this  name,  Tchara,  is 
shown  by  M.  Pictet  not  to  be  of  Aryan  origin,  but  directly  bor- 
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rowed  from  a  Semitic  source  :  Hebrew,  'air ;  Arabic,  ayr»  This 
shows  the  way  by  which  the  Iranians  first,  and  then  the  Indians, 
received  the  domestic  ass.  In  Celtic,  Germanic,  and  Sclavonian 
languages,  the  names  of  the  ass,  according  to  the  ingenious  remark 
of  Diefenbach,  belong  to  two  types,  which  are  manifestly  derived 
from  the  two  Latin  forms,  asinus  and  asellus.  The  derivations  of 
asinus  are:  Cymric,  asyn ;  Cornish,  as&ii ;  Armorican,  azen;  Anglo- 
Saxon,  assene  ;  Scandinavian,  asni  ;  Danish,  asen.  Those  of  asellus  : 
Gothic,  asilus;  Anglo-Saxon,  ajfal,  esol ;  old  German,  esil;  Scla- 
vonic, osilia ;  Russian,  oseli  ;  Polish,  osiel ;  Illyrian,  osal ;  Lithu- 
anian, asilas  ;  Erse,  asail,  osal. 

'^  The  Greek  name  of  this  animal  has  been  made  the  subject  of 
special  study  by  M.  Benfey.  This  eminent  philologist  has  proved 
that  it  passed  through  three  successive  forms,  otvo^^  oavo<;,  and 
01/09.  From  the  second  comes  the  Latin  asiniis.  As  for  the  primi- 
tive form,  oTyo9,  M.  Benfey  has  established  its  Semitic  origin,  and 
that  it  comes  from  one  of  the  names  used  in  this  family  of  languages : 
the  Hebrew,  atdn,  plural  atndt ;  the  Aramean,  atdnd ;  the  Arabic, 
atan,  plural  utn.  This  name  is  derived  from  the  root,  atana,  to 
walk  slowly,  and  is  perfectly  applicable  to  the  phlegmatic  move- 
ments of  the  ass. 

"  It  is  easy  to  draw  conclusions  from  these  linguistic  facts :  that 
the  horse  was  employed  by  the  Aryans  as  a  domestic  animal  in  the 
most  remote  periods  to  which  we  can  trace  their  history,  before 
their  separation  into  western  and  eastern  tribes — that  is  to  say,  in 
a  period  before  they  penetrated  into  Egypt.  The  ass,  on  the  con- 
trary, was,  at  the  same  period,  totally  unknown  to  the  Aryans,  and 
the  divers  Aryan  nations  in  Europe  and  Asia  only  received  it 
separately  at  a  much  later  time,  and  in  the  countries  to  which  they 
conducted  their  great  emigration. 

"  This  animal  was  communicated  to  the  Iranians  of  Persia  by  the 
Semitic  people  of  Mesopotamia,  and  from  them  it  passed  into  India, 
always  keeping  its  Semitic  name,  a  certain  indication  of  its  origin. 
Among  the  Greeks,  the  ass  was  introduced .  by  peoples  speaking  a 
Semitic  language — ^probably  the  Phenicians — ^and  it  was  completely 
naturalized  among  them  when  the  Homeric  poems  were  composed. 
The  Latins  received  it  from  the  Greeks,  and,  in  their  turn,  spread  it 
amongst  the  peoples  of  northern  and  western  Europe,  the  Celts  of 
the  continent,  the  inhabitants  of  Britany,  the  Germans,  Scandina- 
vians, and  even  the  Sclaves.  In  the  time  of  Aristotle,  even,  there 
were  no  asses,  neither  in  Scythia  nor  the  neighbouring  countries, 
nor  even  in  Gaul. 
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''These  facts  revealed  by  pliilology,  joined  to  ttatwe  have  learnt 
from  the  monumental  representations  of  ancient  Egypt,  and  from 
Bible  texts,  go  to  prove  that  the  horse  and  the  ass  originated  in 
completely  opposite  countries.  The  horse  was  reduced  to  the 
domestic  state  on  the  plateaux  of  Central  Asia,  and  the  Aryan 
emigrations  were  the  most  powerful  means  of  diffusing  it  over  the 
world.  The  Semitic  races  were  last  in  adopting  it,  and  it  did  not 
appear  in  Egypt  till  about  2500  years  before  the  Christian  era. 
The  ass  is  an  African  species,  which  must  have  been  first  domesti- 
cated on  the  banks  of  the  Nile ;  and  from  Egypt  it  soon  passed  • 
amongst  the  Semitic  races,  who,  at  a  later  date,  transmitted  it  to 
the  Aryan  tribes  in  Greece,  on  one  side,  and  Persia  on  the  other. 
Thus,  this  animal,  in  its  diffusion,  which  ended  in  becoming  uni- 
versal, has  followed  a  course  precisely  opposite  to  that  of  the  horse,  ^ 
and,  starting  from  opposite  points,  the  horse  and  the  ass  have 
become  united  everywhere  in  simultaneous  usage.'^ 


GREAT  SNOW  FALL  AMONGST  OLIVES  AND  PALMS. 

M.  C.  Naudin  in  a  letter  to  M.  Ch.  St.  Claire-Deville,  which  was 
lately  read  before  the  French  Academy,  describes  a  remarkable  fall 
of  snow  which  occurred  on  the  17th  January  at  CoUioure,  on  the 
borders  of  the  Mediterranean,  lat.  42^  32^,  in  the  department  of  the 
Western  Pyrenees. 

It  appears  that  after  a  pretty  long  series  of  fine  days,  during 
which  thq  maximum  temperature  had  varied  from  11°  to  17°  C.  (or 
from  5 1  '8°  to  62*6°  F.)  it  grew  gradually  colder.  On  the  1 7th  January 
the  maximum  between  one  and  two  in  the  afternoon  was  still  14*5°; 
and  on  the  18th  it  fell  to  8*2°,  on  the  19th  to  6°,  and  on  the  20th  to 
4*5°,  the  minimum  being  zero  of  the  centigrade  scale,  or  the  freezing 
point  of  Fahrenheit's  at  seven  a.m.  The  air  was  very  calm  and  the 
sky  very  cloudy.  On  the  21st  January,  about  five  a.m.,  the  tempera- 
ture of  the  air  being  — 0'8°,  snow  began  falling  in  fine  thick  flakes,  a 
sharp  north  wind  whirling  them  in  all  directions.  This  continued 
all  day  without  a  minute's  relapse,  and  all  the  night  between  the 
2l8t  and  22nd,  and  also  some  time  on  the  23rd;  lasting  without 
interruption  at  least  forty-four  hours.  During  this  storm  the 
thermometer  scarcely  moved  from  the  freezing  point  more  than  a 
few  tenths  of  a  degree  either  way. 

On  the  23rd  the  sky  became  clear  again,  and  the  wind  having 
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tamed  from  the  nortli  to  the  north-weet  the  temperature  rose  a 
little ;  at  seven  the  thermometer  indicated  -f  I®,  at  noon  +4°.*  At 
lire  P.M.  it  was  at  zero,  and  towards  eight  p.m.  it  rose  to  +2*2**,  the 
varieties  corresponding  with  the  state  of  the  sky  as  it  was  more  or 
less  covered  with  cloud. 

The  quantity  of  snow  which  fell  in  this  storm  at  Collionre  and 
its  environs  during  fortj-eight  hours  greatly  exceeded  anything 
remembered  by  middle  aged  men ;  but  some  old  men  recollected 
that  in  1804^  or  1805^  for  their  dates  varied^  a  similar  snow  storm 
had  occurred.  As  may  be  conceived  in  a  district  so  situated  as  this 
part  of  Boussillon  the  thickness  of  the  snow  fall  was  far  from  uniform  ; 
but  everywhere  it  was  enormous.  Near  M.  Oh.  Naudin^s  house  it 
was  from  0'94m.  to  0'96m,,  or  about  a  yard  thick.f  By  a  low  wall 
in  his  garden  it  was  about  a  yard  and  a  half  thick^  and  in  many 
parts  of  the  valley  of  Collioure  from  one  and  a  half  to  two  yards ;  and 
the  average  depth  over  the  whole  district  was  estimated  at  about 
thirty-one  or  thirty-two  inches  (0'80m.). 

M.  Naudin  remarks  that  such  a  snow  fall  is  always  disastrous  in 
countries  in  which  the  local  industry  is  dependent  on  trees,  and 
especially  on  the  Mediterranean^  where  the  chief  resources  are 
derived  from  the  olive,  which  is  more  exposed  to  injury  than 
ordinary  fruit  trees,  on  account  of  the  persistence  of  its  leaves  which 
are  broken  by  the  weight  of  the  snow. 

The  storm  of  January  17  inflicted  inconceivable  damage;  M. 
Naudin's  olives,  for  example,  being  reduced  to  a  confused  mass  of 
broken  trunks  and  torn  branches,  so  that  out  of  a  hundred  scarcely 
one  remained  uninjured.  The  least  maltreated  were  bent  like 
weeping  willows,  with  their  heads  buried  in  the  snow.  The  orange 
and  citron  trees,  notwithstanding  the  rigidity  of  their  branches, 
were  similarly  mutilated,  though  in  a  less  degree.  The  deciduous 
trees  suffered  less,  but  great  branches  of  elms  and  planes  were 
snapped  off  with  the  accumulating  weight. 

M.  Naudin  was  astonished  at  the  way  in  which  the  palms 
endured  this  storm.  They  were  literally  flattened  by  the  weight 
of  the  snow,  like  plants  dried  in  a  herbarium,  their  leaves  were 
spread  out  in  rosettes,  and  they  were  imprisoned  in  the  frozen 
snow;  some  passing  ten,  and  others  eleven  and  twelve  days  in 
the  condition,  but  excepting  those  in  which  the  heart  was  broken, 
they  all  recovered  completely,  and  when  he  wrote  they  had  regained 

*  The  +  degrees  are  degrees  ahow  freezing.    The  centigrade  degrees  range  from  0* 
freezing,  to  100*  boiling. 

t  The  metre  is  3  feet  3*371  inches. 
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their  apright  position.  He  observea  that  geologists  who  hare 
inferred  the  existence  of  a  tropical  climate  in  Europe^  from  the 
presence  of  palms  amongst  miocene  fossils^  may  have  less  jasti* 
ffcation  than  they  suppose. 

This  great  snow  fall  came  afber  six  years  of  remarkable  dryness 
in  that  part  of  Frence.  M.  Martins  has  called  the  attention  of 
meteorologists  to  the  concomittance  of  this  dryness  with  the  pre- 
valence of  north  and  north-west  winds  along  the  borders  of  the 
Mediterranean^  and  M.  Naadin  thinks  this  condition  of  the  atmos- 
phere may  be  connected  with  the  great  snow  fall. 

It  was  also  observed  by  M.  Martins^  that  the  cause  of  the  death 
of  plants  in  the  winter  are  more  complicated  than  are  generally 
supposed,  and  that  we  must  give  up  the  notion  of  defining  the 
exact  temperature  below  which  they  must  perish. 

M.  Naudin  is  engaged  in  a  series  of  experiments  to  determine 
the  conditions  under  which  plants  are  able  to  resist  climatic  vicissi* 
tudes. 


POEBIGN  SCIENCE. 

Eadiation. — The  well-known  observation  of  Leslie^  that  rough 
surfaces  emit   more  heat   than    smooth   ones,   has  been   hitherto 
universally  explained  by  supposing  an  alteration  of  density  to  have 
been  brought  about  in   the  process  of  roughening.     Magnus  has 
recently  investigated  this  question,  and  his  results  lead  him  to 
doubt  the  prevalent  theory.     He  has  found,  for  example,  that  a 
platinum  plate,  when  made  as  hard  as  possible  by  rolling,  under- 
goes no  loss  of  radiating  power  afler  it  has  been  heated  to  white- 
ness, and  is  consequently  much  softer.     Platinum  that  has   been 
softened,  and  rubbed  with  emery  paper,  radiates  twice  as  much  heat 
as  before ;   and,  if  covered  with  very  finely  divided  platinum  (by 
ignition  of  ammonia-platinic  chloride  upon  its  surface),  the  radiation 
is  increased  seven-fold.     It  is  clear  then,  that  the  altered  density  of 
the   surface — ^if,   indeed,   any   such   change  has   occurred — ^has  no 
connection  with  radiating  power,  which  is,  on  the  contrary,  much 
affected  by  the  extent  of  surface  exposed  as  a  result  of  fine  division. 
The  phenomenon  is  no  doubt  ultimately  due  to  the  refraction  which 
a  ray  of  heat  suffers  at  the  boundary  of  a  radiant  body.     When  the 
refraction  is  great  and  the  surCeice  smooth,  most  of  the  heat  under- 
goes total  internal  refiection.     The  values   of  the  coefiicients  of 
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refraction  for  metals  are  considerable,  whence  their  radiating  power 
is  necessarily  small,  just  as  on  the  other  hand,  their  reflecting  power 
is  great  for  rays  incident  externally.  The  increased  emission  from 
a  roughened  surface,  is  an  obvious  consequence  of  these  considera- 
tions. 

Plant  Growth. — Wolff  has  been  engaged  in  studying  the  in- 
fluence of  different  saline  solutions  of  known  strength,  on  the 
growth  of  oats.  The  composition  of  the  ash  varied  but  very 
slightly  with  the  concentration  of  the  solution,  nor  was  the  health 
of  the  plant  at  all  affected  thereby  ;  whence  it  appears  that  it  is 
unnecessary  to  concentrate  the  applied  liquid  further  than  a  certain 
point,  which,  in  this  case,  is  reached  when  it  contains  0*1  per  cent, 
of  dissolved  material.  Complete  displacement  of  lime  by  potash  or 
magnesia,  was  attended  with  arrest  of  vegetative  power,  after  the 
second  or  third  leaf  had  appeared  ;  increase  of  the  per  centage  of 
lime  beyond  a  certain  limit  was  also  found  to  be  prejudicial.  Potash 
was  readily  absorbed  by  the  roots,  but  soda  only  slightly;  the 
latter  being  found  afterwards  principally  in  the  stem,  while  the 
grain  contained  scarcely  any.  Lime  exists  in  the  dried  oat  plant  to 
the  extent  of  about  0*3  per  cent. ;  and  it  was  found  that  a  smaller 
supply  than  this  was  followed  by  injurious  results.  When  -^ths  of 
the  potash  in  the  nutritive  solution  was  displaced  by  lime,  absorption 
became  difficult,  and  the  per  centage  of  ash  was  diminished. 

Influence  op  Cold  on  Minute  Organisms. — Schenk  has  com- 
municated to  the  Academy  of  Vienna  some  interesting  observations 
on  the  influence  of  a  temperature  of — 3^  C.  to  — 7°  C.  on  vital  functions. 
White  blood  corpuscles,  if  exposed  for  a  short  time  to  such  con- 
ditions, do  not  lose  their  usual  irritability  at  a  higher  temperature, 
nor  does  a  longer  exposure  below  — 7^  altogether  destroy  it.  Im- 
pregnated batrachian  ova,  which  had  been  submitted  to  a  cold  of 
— 3^  for  an  hour,  were  very  successfully  developed  after  thawing ;  at 
— 7°,  however,  life  appeared  to  have  become  extinct.  Ripe,  unfer- 
tilized ova  admitted  of  fertilization  after  exposure  to  — 4°  for  an 
hour ;  but  spermatozoa,  placed  in  the  same  circumstances,  did  not 
fertilize  ripe  ova  after  thawing,  though  still  exhibiting  their  normal 
movements.  Schenk  infers  from  this  last  experiment  that  these 
spermatozoic  movements  are  not  in  any  way  connected  with  impreg- 
nation. 

Aktipicial  Indigo. — Some  very  promising  researches  have  been 
made  upon  this  subject  by  Baeyer  and  Bmmerling.  It  is  well 
known  that  indigo  (CjH^NO)  is  converted  by  oxidizing  agents  into 
isatin,   from  which,  by   successive  processes   of   reduction,   indol 
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(C,H,N)  is  formed^  this  being  in  reality  the  parent  substance  to 
which  indigo  and  its  derivatives  must  be  referred.  Now  the 
chemists  just  named  have  succeeded  in  preparing  indol  from  cuinamic 
acid,  which,  when  nitrated,  furnishes  nitro-cuinamic  acid — a  body 
only  difiTering  from  indol  by  containing  carbonic  oxide  and  oxygen 
(CgHyN  +  CO,  +  0,) ;  these  last  are  easily  removed  by  a  mixture 
of  potash  with  iron  filings,  and  indol  is  formed,  in-  every  respect 
identical  with  the  product  obtained  from  indigo. 

The  remaining  point  of  the  problem  has  yet  to  be  solved.  It 
will  now  be  necessary  to  retrace  our  steps  from  indol  back  to  indigo ; 
a  task  which  will  probably  be  completed  at  an  early  date.  We  shall 
thus  be  possessed  of  an  unbroken  chain  of  transformations  from 
benzol  to  indigo,  which  will  then  have  to  be  enrolled  in  the  catalogue 
of  coal-tar  colours,  and  added  to  the  long  list  of  the  triumphs  of 
organic  chemistry. 
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Homer.  The  Odyssey.  By  the  Rev.  W.  Lucas  Collins,  M.A., 
author  of  "  Btonia,''  "  The  Public  Schools,''  etc.  (Blackwood  and 
Sons.) — Mr.  Collins  has  a  remarkable  talent  for  the  work  he  has 
undertaken,  and  we  may  congratulate  him  on  having  placed  the 
Odyssey  in  as  able  and  interesting  a  way  before  general  readers  as 
he  had  done  previously  with  the  Iliad.  A  mere  translation  of 
poems  of  this  description,  however  excellent,  would  not  accomplish 
what  Mr.  Collins  has  achieved  by  his  method  of  telling  the  story 
with  appropriate  comments,  and  only  resorting  to  actual  translation 
when  some  peculiar  beauty  is  to  be  exhibited,  or  some  special  cha- 
racteristic displayed.  If  we  were  to  compare  what  Mr.  Collins  has 
done  with  other  performances,  we  should  say  that  his  lUad  and 
Odyssey  were  like  very  clever  lectures  on  the  two  poems,  supplying 
at  each  point  exactly  what  is  wanted  to  enable  persons  of  ordinary 
education  to  follow  and  appreciate  the  narration  of  the  bard.  We 
could  not  name  any  two  books  of  pleasant  reading  from  which 
a  greater  variety  of  information  on  old  Greek  modes  of  thought 
and  early  civilization  could  be  obtained  than  from  the  Iliad  and 
Odyssey  of  this  series.  The  great  fame  of  the  former  poem  has 
too  often  tended  to  eclipse  the  merits  of  the  latter,  which  in 
many  respects,  such  as  variety  of  incident,  more  skilful  plot,  and 
wider  range  of  observation,  decidedly  surpasses  it.     Mr.  Collins  has 
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pointed  out  the  strong  and  interesting  resemblajieeB  between  the 
delineations  of  the  Odyssey  and  those  of  the  old  Hebrew  writers^  in 
whose  pages  patriarchs,  warriors,  kings,  princesses,  shepherds,  eto., 
display  the  same  chankcteristics  and  rery  similar  modes  of  thonght ; 
nor  has  he  failed  to  notice  how  the  spirit  of  Arthurian  legends 
and  the  tales  of  chivalry  and  enchantment  were  prefigured  by  the 
ancient  Greek.  In  similar  stages  of  society,  whatever  may  be 
their  chronological  date,  man  appears  pretfy  mneh  the  same, 
wherever  may  be  the  scene  of  his  labours,  or  whatever  may  be 
the  precise  forms  of  his  belief.  A  short  quotation  will  illustrate 
some  of  these  facts : — ''  The  Homeric  kings,"  says  Mr.  Collins, 
"  like  those  of  Israel  and  Judah,  lead  the  battle  in  their  chariots* 
Priam  sits  in  the  gate,  like  David  or  Solomon;  Ulysses,  when  he 
would  assert  his  royalty,  stands  by  a  pillar,  as  stood  Joash  and 
Josiah.  Their  riches  consist  chiefly  in  sheep  and  dxen,  men  ser- 
vants and  maid  servants.  When  Ulysses,  in  the  Iliad,  finds  Diomed 
sleeping  outside  his  tent,  and  his  comrades  lay  sleeping  around 
him,  and  under  their  heads  they  had  their  shields,  and  their  spears 
were  fixed  in  the  ground  by  the  butt-end — we  have  the  picture, 
almost  word  for  word,  of  SauVs  night  bivouac,  when  he  was  sur^ 
prised  by  David.  'And  behold  Saul  lay  sleeping  within  the  trench,, 
and  his  spear  stuck  in  the  ground  at  his  bolster,  and  the  people 
lay  round  about  him.'  Ulysses  and  Diomed  think  it  not  beneath  their 
dignity  as  kings,  or  chiefs,  to  act  what  we  should  consider  the  part 
of  a  spy,  like  Gideon,  in  the  camp  of  the  Midianites ;  Lycurgus,. 
ihe  Thracian,  slays  with  an  ox  goad,  like  Shamgar,  in  tiie  '  Book 
of  Judges.'  The  very  cruelties  of  warfare  are  the  same — ^the 
insults  too  frequently  ofiered  to  the  dead  body  of  an  enemy ;  the 
children  dashed  against  the  stones;  the  miserable  sight  which 
Priam  foresees  in  the  fall  of  his  city,  as  Isaiah  in  tiie  prophetio 
burden  of  Babylon.'' 

Chemistry  fob  Schools  :  An  Introduction  to  the  Practical 
Study  of  Chemistry.  By  C.  Houghton  Gill,  Assistant  Examiner  in 
Chemistry  at  the  University  of  London,  late  Teacher  of  Chemistry 
and  Experimental  Physics  in  University  College  School,  with  100 
Illustrations.  (Walton.) — This  is  the  best  book  of  its  sort  that  haa 
appeared  since  the  recent  extension  of  chemical  knowledge,  and  the 
acceptance  of  new  theoretical  views  has  called  forth  a  fresh  series  of 
manuals.  It  takes  quite  different  ground  from  the  admirable  work 
of  Mr.  Barff,  the  "  Introduction  to  Scientific  Chemistry,"  which  deala 
systematically  and  more  philosophically  with  the  non-metallic  elements 
only,  while  Mr.  Gill  includes  several  of  the  metals,  and  has  in  view  to 
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sapply  "  a  saffioient  manual  of  chemistiy  for  schook  and  junior  sia- 
dentB/'  He  has  displayed  oonfliderable  skill  in  arranging  his  matter 
so  as  to  lead  from  facts  to  reasoning,  and  gradually  familiarise  his 
papils  with  the  chief  oatlinas  of  chemical  theory  as  it  now  stands, 
simple  and  probable  in  some  particulars,  and  obviously  defective  and 
irrational  in  others.    It  is  only  fair  to  Mr.  Gill  to  say  that  he,  for 
the  most  part,  makes  the  best  <^  difficulties  yet  unsolved,  though 
he  attaches  more  importance   than   it   deserves  to  the  line  of 
argument  by  which  Professor  Williamson  endeavours  to  prolong 
the   existence  of  the  hypothetical    ''atom/'  in  which  the  imme- 
diate followers  of  Dalton  attempted  to  find  rest.    Each  chapter  of 
Mr.  GtilVs  book  ends  with  a  useftd  set  of  questions,  and  his  line  of 
teaching  coincides  with  that  employed  in  the  classes  at  University 
College,  which  is  probably  the  best  and  most  successful  now  in  use. 
OuB    DoKCSTic    FiSB    Placbs.   a  New  Edition,   entirely  Be- 
written  and  enlarged,  tiie  additions  completing  the  Author's  con- 
tributions on  the  Domestic  Use  of  Fuel,  and  on  Ventilation.    By 
Frederick  Edwards,  jun.  (Longmuis.) — We  are  glad  to  find  this 
useful  work  re-issued  with  such  alterations  and  additions  as  the 
author's    further    experience   and  the  progress   of  invention  has 
rendered  advisable.     Mr.  Edwards's  essay  occupies  an  intermediate 
position   between  a  strictly  scientific    and   an    ordinary  popular 
treatise,  and  its  subject  matter  certainly  concerns  all  who  occupy 
houses,  or  have  to  purchase  stoves.     The  book  is  illustrated  with 
numerous  plates,  containing  149  figures  of  various  forms  of  stoves 
and  heating  apparatus,  ancient  and  modem,  and  great  disappoint- 
ment and  annoyance  might  be  avoided  by  spending  a  few  hours  in 
its  careful  perusal.     It  is  very  common  to  find  grates,  even  in  good 
houses,  of  the  most  abominable  construction,  and  few  occupations  are 
more  miserable  and  hopeless  than  that  of  trying  to  make  them  give 
out  a  reasonable  quantity  of  heat,  on  such  bitter   days  as  last 
February   made    us    acquainted    with.       The    following    passage 
will    show    some  of  the  conclusions  to  which  Mr.  Edwards  has 
arrived : — "  With  respect  to  the  general  form  of  grate,  that  appears 
to  be  unquestionably  best  which  presents  the  largest  amount  of 
radiating  or  reflecting  surface  to  the  room.     Upon  this  point  the 
old  fashioned   grates    were    entirely    deficient."       Mr.    Edwards 
appears  to  give  a  preference  to  Bong's  patent,  the  popular  objection 
to  which  would  be  on  account  of  its  square  outlines,  which  he  con- 
siders ^'better  adapted  than  the  semi-circular,  to  the  outlines  of 
rooms  and  chimney  pieces."      The  figure  given  of  King's  grate 
shows  that  it  has  unusually  large  reflecting  and  radiating  surfSeu^es ; 
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the  smoke  makes  its  exit  at  the  back^  through  a  door  sus- 
pended, so  that  the  extent  of  its  opening  can  be  readily  adjusted 
with  a  poker.  We  do  not,  however,  agree  with  the  writer  that 
there  is  any  artistic  '^  incongruity  in  placing  semi-circular  forms,  with 
blank  comers,  within  a  square  space.''  Circles  inscribed  in  squares 
cannot  be  condemned  as  erroneous  combinations,  and  most  eyes 
are  pleased  where  straight  lines  contrast  with  suitable  curves.  The 
use  of  fire-brick  and  ^'  fire-lump ''  backs  for  stoves,  and  the  avoid- 
ance of  masses  of  iron,  which  tend  to  conduct  the  heat  where  it  is  of 
no  use,  are  forcibly  pointed  out  in  this  work,  and  air  channels,  near 
the  grate,  communicating  with  an  external  supply,  are  strongly  re- 
commended. Mr.  Edwards  does  not  seem  at  all  hopeless  of  final 
success  in  the  contrivance  of  smoke-consuming  grates,  which  shall  be 
free  from  the  objections  practically  found  in  those  hitherto  con- 
structed ;  but  he  looks  upon  the  British  public  as  a  slow  pupil,  and 
is  not  sanguine  enough  to  expect  a  speedy  abandonment  of  time 
honoured  mistakes. 

A  Tebatisb  on  Medical  Electetcity,  Theoretical  and  Peactical  ; 
and  its  use  in  the  Treatment  of  Paralysis,  Neuralgia,  and  other 
Diseases.  By  Julius  Althaus,  M.D.,  Member  of  the  Royal  College 
of  Physicians,  Fellow  of  the  Royal  Medical  and  Chirurgical  Society, 
Physician  to  the  Infirmary  for  Epilepsy  and  Paralysis.  Second 
Edition.  Revised  and  partly  rewritten.  (Longmans). — In  spite  of 
its  defects,  this  is  the  most  important  English  work  on  the  subject 
of  Medical  Electricity,  which  as  yet  has  been  very  far  from  receiving 
the  attention  it  deserves.  When  the  powers  of  electricity  were  first 
known,  great  hopes  were  entertained  that  it  would  be  of  much  use 
in  the  cure  of  many  forms  of  disease ;  but,  though  some  experi- 
ments were  successful,  others  failed  to  do  good,  or  even  did  harm, 
and  the  question  languished  a  good  deal  for  want  of  adequate 
scientific  knowledge  and  skill  being  brought  to  bear  upon  it.  The 
first  chapter  of  Dr.  Althaus'  book  opens  with  passages  tending  to 
prejudice  any  scientific  reader  against  it,  and  much  of  it  would  be 
improved  in  correctness  by  flat  negative.  Thus,  Dr.  Althaus  says, 
''  It  is  generally  admitted  that  all  bodies  contain  a  very  subtle  fluid 
called  natural  electricity,  which  is  composed  of  two  contrary  fluids, 
termed  positive  and  negative  electricity .''  This,  with  more  of  the 
same  sort,  would  be  all  the  better  for  putting  the  word  not  before 
'^  generally  admitted/'  as  no  one  really  believes  anything  of  the 
kind,  or  accepts  the  two-fluid  theory  as  having  any  correspondence 
with  actual  fact.  His  explanation  that  friction,  etc.,  "  caiUs  an 
electro-motive  force  into  existence  which  separates  the  two  fluids 
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formerly  united,''  is  simple  bosh ;  and  when  he  comes  to,  '^  we  now 
know  that  amber  when  rubbed  acquires  the  property  of  attracting 
light  bodies,  merely  because  by  friction  the  natural  electricity  of 
amber  is  decomposed,  and  negative  or  resinous  electricity  is  accu- 
mulated in  the  state  of  rest  upon  the  rubbed  body,''  we  cannot 
but  wonder  how  any  man  within  a  thousand  miles  of  the  modern 
scientific  world  can  put  his  name  to  such  rubbish.  No  ''  W  in 
existence  possess  the  knowledge  thus  asserted,  and  there  is  not 
the  slightest  reason  for  supposing  the  explanation  to  be  correct. 
Dr.  Althaus  does  not  seem  to  understand  the  fandamental  distinction 
between  statical  and  dynamical  forces.  The  electric  forces — ^what- 
ever they  may  be — are  statical,  and  balance  each  other  in  the  amber 
— if  they  exist  there  at  all — ^before  the  friction  is  applied,  and  when 
they  are  excited  and  active  in  attracting  other  bodies.  Dr.  Althaus 
speaks  of  .them  as  at  ^'  rest."  We  notice  also  that  he  calls  fiictiqual 
electricity  '^  statical  electricity,"  as  if  it  were  not  quite  as  capable  of 
dynamic  exhibition  as  any  other  form.  It  is  when  he  comes  to 
describe  the  various  modes  of  applying  electricity  obtained  from 
different  sources,  that  his  work  promises  to  be  useful,  and  he  adduces 
a  large  quantity  of  important  and  interesting  matter,  which  we 
commend  to  the  attention  of  our  professional  and  other  readers. 
The  range  of  disorders  in  which  electricity  has  been  found  useful  is 
very  much  greater  than  might  be  expected,  and  includes  even 
excessive  drinking  persisted  in  to  relieve  the  deplorable  consequences 
of  failure  of  nervous  power.  The  surgical  applications  of  electricity 
are  extremely  interesting,  and  it  appears  not  only  to  be  valuable 
for  removing  tumours  by  the  actual  cautery  of  white  hot  wires,  but 
in  a  milder  form  to  have  the  power  of  causing  the  absorption  of 
Certain  kinds. 

Dr.  Althaus'  book  affords  considerable  information  about  appa- 
ratus and  instruments,  but  he  does  not  seem  to  be  acquainted  with 
the  remarkably  portable  and  powerful  magneto-induction  apparatus 
devised  by  Mr.  Browning — decidedly  the  best  of  its  kind. 

Memoirs  read  before  the  Anthropological  Society  of  London, 
1867-8-9.  Vol.  III.  (Longmans.) — Many  of  these  papers  possess 
considerable  interest,  as,  for  example,  one  by  Lieut.  Oliver  on  the 
Hovas,  and  other  Tribes  of  Madagascar.  The  Vuzimba,  or  Elimos 
of  this  island  have  a  ceremony  like  the  Jewish  Passover,  when 
cattle  are  slain,  blood  sprinkled  on  the  doorposts,  and  a  hasty  meal 
eat>en.  They  have  likewise  rites  of  purification,  ordeal  by  bitter 
waters,  wave  offerings,  and  other  practices  resembling  those  of  the 
ancient  Jews.     Dr.  J.  B.  Davis  describes  the  skeleton  of   Aino 
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woman  an  aboriginal  of  the  Japanese  iaUuul  Yesso ;  Dr.  Gibb  dis* 
courses  on  the  Pendency  of  the  Epiglottis ;  Babu  B^endrala^Ia  gives 
a  very  interesting  acoonnt  of  the  Gipsies  of  Bengal ;   Dr.  Short 
treats  of  the  Bayaderes^  adducing  new  £»cts ;   Mr.  Bollaert  con- 
tributes to  the  elucidation  of  the  very  difficult  question  of  American 
hieroglyphs^  at  which  he  has  so  long  worked ;  Dr.  Beddoe  makes 
an  elaborate  inquiry  into  the  Stature  and  Bulk  of  Man  in  the  British 
Isles^  and  several  other  writers  treat  of  subjects  more  or  less  im- 
portant.    Dr.  Beddoe^s  paper  well  deserves  serious  attention,  and 
if  he  has  not  been  able  to  complete  his  researches,  he  has  collected 
much  valuable  information,  and  laid  a  good  foundation  for  further 
work.     He  confirms  the  prevalent  belief  of  the  tendency  of  many 
branches  of  manufacture  to  dwarf  and  lower  the  physical  characters 
of  our  population.      The  average  height  of  adult  Englishmen  he 
places  between  5ft.  6in.  and  5ft.    7in.     Lunatics  and  hereditary 
criminals  fall  below  the  average,  and  among  the  lunatics  who  are  tail, 
the  majority  seem  to  be  dark-haired,  and  disposed  to  melancholy 
madness.      Dr.  Beddoe  finds  the  Scandinavian  type   tending  to 
prevail  amongst  the  aristocracy,  and  the  Saxon  amongst  the  trading 
class.     The  difficulties  of   collecting   information  concerning  the 
stature  and  weight  of  different  classes  varied  much  with  the  localities, 
and  in  themselves  form  an  instructive  element  in  the  information 
obtained.     In  the  eastern  counties  many  promises  of  help  failed, 
and  in  the  west  it  was  not  at  all  easy  to  get  the  folks  to  interest 
themselves  in  the  inquiry.    In  the  south-east  the  peasantry  are 
reported  as  '^  very  shy,'^  probably  from  some  superstitious  motive. 
The  south-west  counties  were  more  manageable,  and  cultivators  of 
natural  science  are  reported  by  Mr.  Macintosh  to  be  much  more 
numerous  in  the  west  than  in  the  east.     In  Wales  the^ople  were 
afraid  that  the  Government  wanted  the  information  for  some  bad 
purpose.      In  parts  of  Yorkshire,  '^  the  rugged  rudeness  of   the 
people,  miscalled  by  themselves  independence,'^  often  stood  in  the 
way.     '^  In  Lancashire  the  jealousy  or  indifference  of  employers, 
and  the  rudeness   and  ignorance  of   workmen  have,''    says   Dr. 
Beddoe,  '^  made   my  endeavours   comparatively  fruitless.     But  the 
bucolic  and  Bceotian  county  of  Hereford  is  the  only  one  from  whick 
I  have  failed  to  elicit  any  return  whatever.'^ 

Ths  Yjbas-Book  of  Facts  in  Soisnce  and  Abt.  Being  the 
most  Important  Discoveries  and  Improvements  of  the  Past  Year  in 
Mechanics  and  the  Useful  Arts,  Natural  Philosophy,  Electricity^ 
Chemistry,  Zoology  and  Botany,  Geology  and  Mineralogy,  Meteor- 
ology and  Astronomy.    By  John  Timbs,  Author  of  ^^  Curiosities  of 
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Sciance,"  "Things  not  Generally  Known/'  etc.  (Lockwood  and 
Go.) — This  well-known  work  continues  its  aecastomed  career, 
bringing  to  a  focas  an  immense  amoont  of  information  scattered 
throngh  a  Tariety  of  papers  and  publications.  The  volume  for  1870 
is  fully  equal  to  its  predecessors,  and  will,  no  doubt,  be  as  widely 
appreciated.  ^^The  Tear  Book  of  Facts"  enables  a  large  number 
of  persons  who  can  have  no  access  to  original  information  to  foUow 
the  leading  discoveries  of  the  time. 

InTBODUCTOET  TsTT-Boojc  01*  PHYSICAL  GEoasAPHT.  By  David 
Page,  LLJD.,  F Jl.S.E.,  F.G.S.  Fourth  Edition.  (W.  Blackwood 
and  Sons.) — We  are  glad  to  find  so  excellent  a  work  as  Dr.  Page's 
"  Introductory  Text-Book  of  Physical  Geography^'  in  its  Fourth 
Edition.     It  is  an  admirable  book  for  private  students  and  schools. 

The  Sfhesioal  Fosk  ov  the  Eabth.  A  Reply  to  "  Parallax.'^ 
In  Letters  to  a  Friend.  By  J.  Dyer.  Author  of  ^^  Thoughts  on 
the  Laws  of  Health.'* — ^Mr.  Dyer  has  taken  the  trouble  to  reply  to 
the  fallacies  propounded  by  a  person  named  "  Parallax,''  who 
lectures  about  the  country  to  show  that  the  earth  is  not  a  sphere, 
etc.,  etc.  It  is  perhaps  well  that  a  cheap  publication  should  be  in 
the  hands  of  those  who  may  wish  to  check  nonsensical  mystification 
of  an  astronomical  subject ;  but  we  suspect  the  best  way  of  dealing 
with  ^'  Parallax^'  is  to  take  no  notice  of  him.  Mr.  Dyer's  work 
will,  however,  be  useful  as  a  popular  and  clear  view  of  the  subject. 


COERESPONDENCE. 
GAB-COKE  «.  OVEN^COKB. 

*^  In  the  manufacture  of  coke,"  says  Dr.  E.  Mills>*  "  the  whole  of  the 
volatile  products  are  generally  permitted  to  escape — an  instance  of 
negligence  and  bad  economy  which  deserves  the  severest  reprehension." 

Now,  the  writer  does  not  appear  to  draw  just  conclusions  from  the 
practical  difference  between  coke  resulting  from  gas  making  and  that 
produced  by  coke  making.  Coke  made  in  a  close  retort,  for  the  purpose 
of  economizing  the  volatile  product,  is  specifically  li^t.  Coke  made  in 
the  oven,  with  free  access  to  the  air,  is  relatively  heavy.  Independent, 
however,  of  numerous  qualities  which  makes  them  different,  there  is 
this  great  and  important  one,  namely,  that  it  is  found  impossible  to  get 
the  amount  of  heat  in  a  furnace  with  gas-coke  compared  with  oven-coke ; 
hence  all  those  manufacturers  who  make  steel  tyres,  rails,  axles,  slide  rods, 

«  Fm^  Stttdbitt  far  Pebroaiy,  p.  70. 
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armonr  plates,  etc.,  buy  the  dear  oven- coke  in  preference  to  the  cheap 
gas-coke.  Thej  pay  the  differeDce  for  the  loss  of  the  volatile  matter, 
and  the  farmer  reaps  the  benefit  for  nothing  when  it  next  rains. 

I  conclude,  therefore,  that  as  this  oven-coke  is  an  absolute  necessity 
to  our  iron  workers,  it  does  not  deserve  **  the  severest  reprehension  " 
cast  upon  it.  Septimus  Piessb,  Ph.  D.,  i\C.S. 

[We  have  inserted  Dr.  Piesse's  note  because  it  shows  how  easily 
able  men  can  delude  themselves  in  favour  of  any  established  practice. 
He  does  not  seem  to  know  that  the  utilization  of  volatile  products  wasted 
in  the  ordioary  processes  of  coke-burning  has  long  been  recognized  as  a 
desideratum,  and  that  various  plans  for  that  purpose  have  been  devised. 
A  reference  to  Dr.  Percy's  "  Metallurgy,"  vol.  i.,  may  illuminate  him  on 
this  subject.  The  notion  of  making  coke  with  *'  free  access  of  air  "  is 
quite  erroneous,  as  the  coal  would,  of  course,  bum  to  ashes  under  such 
circumstances.  The  assertion  that  the  farmer  gets  the  benefit  of  a 
wasteful  process  for  "  nothing"  is  a  strange  fallacy.  In  the  case  of  sach 
an  article  as  coke,  the  price  is  largely  dependent  upon  the  cost  of  pro- 
duction, and  waste  is  an  element  of  cost. — Ed.] 


PEOGEESS   OF  INVENTION. 

Manufacture  op  Benzole.— Mr.  John  Bowley  of  Well  Street, 
Camberwell,  manufactures  benzole^  by  treating  the  ereosote  or 
naphthaline  by  the  distillation  of  coal  tar  with  chlorine  gas,  till  it  is 
fully  saturated ;  this  in  conjunction  with  coal  tar  naphtha  is  dis- 
tilled, and  benzole  obtained,  as  well  as  other  homologous  products, 
from  which  aniline  for  dyes  can  be  made  by  the  usual  methods. 

Waterproof  Facinq  fob  Brick  Buildings. — This  invention  is 
intended  to  prevent  the  brickwork  of  houses  absorbing  moisture, 
and  is  to  be  used  instead  of  slates  or  compo.  It  consists  in  mould- 
ing terra  cotta,  stoneware,  or  other  plastic  waterproof  material, 
into  slabs  of  convenient  size  and  shape,  and  working  these  slabs  in 
with  the  brickwork  somewhat  after  the  manner  of  working  facing 
bricks.  One  slab  is  made  of  such  a  shape,  that  its  edge  when  placed 
on  that  of  another,  shall  rest  against  a  projecting  piece  flush  with 
the  back  of  the  slabs  when  superposed  j  by  these  means,  any 
water  that  might  accidentally  enter  at  the  joints  of  the  slabs,  is 
prevented  from  entering  the  brickwork.  If  desired  the  slabs  may 
be  glazed. 

Matchbts  and  Cutlasses. — Mr.  Frederick  Major  Mole  thus  desT 
describes  his   improved  method  of  manufacturing  and    pointing 
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cutlasses.  Where  the  end  of  the  piece  of  steel  is  required  to  be 
widened  or  expanded^  and  its  back  thinned^  I  employ  a  process 
of  cross  rolling,  that  is  to  say,  I  use  a  pair  of  plain  rollers,  and  pass 
the  heated  end  of  the  blank  piece  of  steel  to  be  operated  upon 
between  these  rollers  at  their  ends;  the  greatest  length  of  the 
piece  of  steel  being  kept  parallel  to,  or  at  a  small  angle  with  the 
axes  of  the  rollers  during  the  rolling  process,  the  steel  is  widened 
by  the  pressure  of  the  rollers,  and  the  thickness  of  the  back 
reduced,  and  the  cutlass  is  thereby  pointed  or  partially  pointed. 
The  pressure  of  the  rollers  also  rolls  out  the  furrows  which  are 
ordinarily  made  along  the  strips  of  steel  from  which  matchets  are 
made.  Where  those  kinds  of  matchets  and  cutlasses  are  to  be 
made,  which  require  one  end  of  the  blank  to  be  thinned  without 
widening,  or  by  slightly  widening,  the  end,  I  effect  the  thinning  of 
the  end  by  a  process  of  back  rolling,  that  is  to  say,  I  use  a  pair  of 
plain  rollers  from  the  surface  of  one  of  which  a  portion  has  been 
cut  away.  These  rolls  have  a  continuous  rotatory  motion.  The 
objects  attained  by  this  invention,  are  economy  and  a  better 
quality  of  steel,  as  it  is  less  injured  by  this  process  than  by 
hammering. 

Desulphurizing  Coal. — This  method  consists  in  first  washing 
the  coal,  and  then,  whether  crushed  or  not,  it  is  subjected  to  heat 
in  a  closed  chamber  or  retort,  and  chlorine  gas  is  passed  in,  which 
will  combine  with  the  sulphur  compounds  evolved  from  the  coal  by 
the  heat  to  which  it  is  subjected.  When  treating  coal  to  produce 
coke  for  metallurgical  purposes,  chlorine  gas  is  admitted,  which 
penetrates  the  mass  and  combines  with,  and  carries  off  the  sulphur. 
When  the  coal  is  to  be  used  for  domestic  purposes,  it  is  heated 
with  chloride  of  manganese,  or  chlorine  in  closed  chambers,  but 
without  driving  off  the  inflammable  constituents  of  the  coal. 

Apparatus  for  Abstracting  Heat. — To  effect  this  purpose,  an 
apparatus  is  arranged  for  working  with  two  separate  quantities  of 
air,  there  are  two  cylinders  parallel  and  near  to  each  other,  and 
having  their  ends  connected  by  passages,  in  which  regenerator 
appliances  are  fixed.  Each  cylinder  has  a  piston  working  in  it,  and 
one  quantity  of  air  is  worked  at  the  front  ends  of  the  cylinders  and 
the  other  at  the  back  ends.  The  ends  of  one  cylinder  constitute 
the  hot  compartments,  and  in  them  provision  is  made  for  abstract- 
ing the  heat  developed  in  the  air  by  compression,  whilst  the  ends 
of  the  other  cylinders  constitute  the  cold  compartments,  provision 
being  made  in  them  for  the  expanding  air  to  abstract  heat  from  the 
substance  to  be  cOoled.     The  pistons  are  actuated  by  revolving 
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cranks^  disposed  at  about  135  degrees  of  the  circle  from  each  other^ 
or  in  an  equivalent  manner^  and  the  effect  of  this  disposition  is, 
that  whilst  one  piston  is  approaching  one  end  of  its  cylinder,  the 
other  is  moving  a^aj  from  the  corresponding  end  of  its  cylinder, 
at  nearly  the  same  rate  for  a  considerable  part  of  the  stroke,  so 
that  the  air  is  transferred  from  one  cylindw  to  the  other  with  little 
alteration  of  its  volume.  The  compressions  and  expansions  are 
effected  at  other  periods  of  the  piston's  strokes  when  they  are  not 
moving  at  the  same  rate.  Revolving  cranks  are  the  most  con- 
venient, direct,  and  simple  appliances  for  actuating  the  pistons,  but 
levers,  cams,  or  toothed  wheels  may  be,  if  preferred,  used  for  that 
purpose.  An  apparatus  may  be  arranged  for  the  expanding  air  to 
abstract  heat  from  the  substance  to  be  cooled,  through  thin  separa- 
ting shells  or  partitions ;  or  it  may  be  arranged,  when  employed  to 
cool  a  liquid,  for  such  liquid  to  be  injected  amongst  the  expanding 
air,  and  it  may  also  be  arranged  for  the  liquid  which  abstracts  heat 
fr^m  the  compressed  air,  to  do  so  through  thin  partitions ;  or  the 
liquid  can  be  injected  amongst  the  compressed  air.  Any  gas  not 
liquifiable  at  the  pressures  employed,  may  be  substituted  for  air. 
The  inventor  of  this  ingenious  apparatus  is  Mr.  Alexander 
Carnegie  Kirk,  of  Glasgow. 

Tbsating  Ammoniacal  Gas  Liquor. — ^The  liquor  is  raised  by 
injected  steam  to  212®  Fah.  Hydrated  oxide  of  iron,  sulphate  of 
iron,  or  lime  are  added.  The  ammoniacal  gas  passes  off,  and  is 
arrested  by  the  purifying  substances  used.  If  lime  only  is  employed 
in  the  boiling,  the  liquor  is  purified  by  the  addition  of  sulphate  of 
iron,  until  no  further  precipitate  is  thrown  down.  The  precipitate 
formed  is  available  for  a  pigment ;  from  two  to  twenty  pounds  of 
sulphate  of  iron  may  be  required  for  twenty  gallons  of  the  liquor, 
according  to  its  strength.  The  ammonia  arising  from  the  liquor  is 
taken  up  by  dilute  sulphuric  acid  mixed  with  sawdust,  spent  tan,  or 
shoddy.  The  iron  is  used  for  the  purpose  of  removing  the  sulphu- 
retted hydrogen. 

Applying  Electricity  fob  opening  and  closing  Gates  or 
Doors,  and  fob  actuating  Signals. — ^By  this  arrangement  an  electro- 
magnet, by  the  passing  of  an  electric  current,  is  made  to  release 
mechanism,  acted  upon  by  a  weight  or  spring,  and  thus  to  allow  it 
to  set  in  motion  a  gate,  door,  or  signal.  A  chain  is  passed  round  a 
drum,  at  one  end  of  which  a  weight  is  attached.  The  drum  is 
connected  by  spur  gearing  to  a  shaft  having  a  crank,  connected  by 
a  rod  to  the  gate  or  signal,  so  that  its  partial  rotatory  motion  will 
open  or  close  the  gate,  or  act  on  the  signal.     The  spur  wheel  upon 
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this  shafts  wUch  reeeiTes  the  requisite  motion  from  the  dram^  is  not 
fixed  npon  the  shafts  but  causes  it  to  revolve  with  it  only  in  one 
direction^  by  means  of  a  ratchet  wheel  attached  to  the  spur  wheel, 
in  gear  with  which  is  a  paul  carried  by  an  arm  of  the  shaft.  The 
shaib  carries  a  second  arm  held  by  a  catch,  connected  by  a  link  to  a 
lever,  the  free  end  of  which  fits  into  a  notch  or  another  lever, 
on  the  same  shaft  with  which  is  an  arm,  held  by  the  armature 
of  an  electro  magnet  in  such  manner  that  by  passing  an  electric 
current  the  armature  is  removed,  and  the  arm  is  released,  and  so 
the  first  mentioned  catch  releases  its  hold  of  the  arm  on  the  crank 
shaft,  and  this,  obeyiug  the  impulse  imparted  to  it  by  the  weighted 
dram,  effects  the  movement  of  the  gate  or  signal.  In  gear  wiiJi  the 
spur  wheel  on  the  drum,  is  a  pinion,  which  being  turned  by  a  winch 
handle  rotates  the  drum,  and  so  the  rope  or  chain  which  has  run 
down  can  be  again  wound  up. 


MISCELLANEOUS  NOTES. 

The  Lightning's  Autogeaph. — ^Undor  this  title  we  published  in  The 
SruDBNT,  vol.  iv.,  p.  369,  an  account  of  an  elm-tree  struck  by  lightning 
at  Hanger  Hill  House,  Acton.  A  further  examination  of  the  tree  has 
been  recently  made  by  the  gardener,  Mr.  Johnston,  and  some  new  facto 
have  been  ascertained.  Our  engraving  exhibited  the  remarkable  zigzag 
groove  cut  by  the  electric  discharge,  and  it  now  appears  that  above  the 
highest  point  shown  in  our  sketch,  and  about  thirty  feet  from  the  ground, 
the  lightning  made  a  long  narrow  straight  groove,  and  then  any  visible 
mark  ceased  for  about  four  feet,  when  it  grooved  the  tree  agrain,  as  shown 
in  the  plate.  It  is  not  clear  what  became  of  the  lightning  in  the  four 
feet  interral  between  the  upper  and  lower  groove.  Either  it  passed 
outside  on  the  wet  and  dripping  bark,  or  found  the  inner  masses  so 
excellent  a  conductor  that  no  disploding  action  occurred,  and  no  bark  was 
displaced. 

GoicBTS  AND  Mbtbobs.  —  Profcssor  Kirkwood,  of  Indiana,  read  an 
important  paper  on  these  bodies  before  the  American  Philosophical 
Society,  last  November.  He  finds  the  orbits  of  periodical  comets  to 
agree  with  the  supposition,  that  as  our  Sun  and  planets  move  through 
space  they  encounter  irregularly-distributed  nebulous  or  cometic  clouds, 
and  that  large  planets  like  Jupiter  and  Saturn  have  attached  the 
periodic  comets  to  our  system  by  their  attractive  power.  Between  the 
years  700  and  1200  he  concludes  that  "  the  solar  system  was  passing 
through  or  near  a  meteoric  cloud  of  great  extent ;  that  from  1200  to 
1700  it  was  traversing  a  region  comparatively  destitute  of  such  matter 
and  that  about  the  commencement  of  the  eighteenth  century  it  again 
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entered  a  similar  nebala  of  nnknown  extent.  The  fact  that  the  August 
meteors  were  first  noticed  in  811,  renders  it  probable  that  the  cluster  was 
introduced  into  the  planetary  system  not  long  preyious  to  the  year  800." 
"  Adopting  Struve's  estimate  of  the  Sun's  orbital  velocity,  we  find  the 
diameter  of  the  nebula  traversed  in  500  years  to  be  fourteen  times  that 
of  I^eptune's  orbit.'*  Professor  Kirkwood's  paper  gives  many  details 
supporting  his  views.  » 

On  the  Range  of  Thundee-Storms. — ^The  following  observations  are 
recorded  as  a  contribution  towards  completing  the  collection  of  data 
upon  atmospheric  electricity  : — 

About  a  year  and  a  half  since,  the  writer  observed  from  New 
Brighton,  in  Cheshire,  a  peculiar  light  flashing  among  the  clouds  that 
were  piled  up  in  masses  on  the  horizon.  It  was  in  the  eveniug,  before 
dark.  The  light  alluded  to  was  limited  to  a  particular  part  of  the 
horizon  (in  direction  about  N.N.E.),  and  extended  for  only  about  five  or 
six  degrees  in  breadth  and  height,  keeping  up  a  constant  flickering 
motion  from  behind  and  among  the  clouds.  On  the  same  evening  a 
terrible  storm  was  raging  off  the  Northumbrian  coast,  and  was  felt 
severely  about  Holy  Island.  It  may  be  remarked  that  the  appearance, 
from  New  Brighton,  was  quite  distinct  from  that  of  sheet  lightning,  and 
there  was  no  difliised  reflection  of  light. 

Another  instance  of  an  actual  thunder-storm,  visible  in  this  limited 
and  local  way,  occurred  on  the  evening  of  September  5th.  We  may 
notice  here  that  the  previous  week  had  an  average  temperature  of  only 
54**,  while  the  one  preceding  that  averaged  82"*.  A  great  electrical  dis- 
turbance followed  the  decrease  of  temperature. 

On  this  occasion,  the  appearance  of  the  storm  from  the  neighourhood 
of  Liverpool  was  a  flashing  yellowish  and  greenish  light,  much  more 
distinct,  and  of  greater  extent  than  the  first-mentioned  one.  It  was^ 
however,  quite  as  local  and  definite  in  position  on  the  horizon,  and  see  ma 
to  have  been  felt  chiefly  about  Barugh  Hill  and  Stanningley,  in  York*- 
shire.  At  the  first  place  forty  sheep  were  killed ;  and  two  persons  met 
with  a  tragic  fate  while  walking  between  Stanningley  and  Farsley. 

Another  storm,  that  broke  in  London  about  the  same  time  last  year^ 
which  was  attended  by  no  thunder  or  lightning,  in  our  neighbourhood, 
seemed  to  produce  a  considerable  extent  of  nervous  excitation  among 
persons  subject  to  this  feeling,  and  remarks  were  made  in  anticipation  of 
a  coming  storm.  Neither  thunder  nor  lightning,  however,  were  perceived 
about  Liverpool. 
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THE  DEEP  SEA. 

PART  L— ITS  PHYSICAL  CONDITION. 

BY  WILLIAM   B.    CABPENTEB^    V.D.^   F.B.S. 

{With  Two  Plate9.) 

The  Physical  and  Biological  condition  of  the  Deep  Sea^  even  in  close 
proximity  to  our  own  shores,  has  until  lately  been  almost  as  completely 
unknown  as  that  of  the  ice-bound  Polar  regions^  to  which  our  most 
adventurous  voyagers  have  hitherto  failed  in  gaining  access^  or  of 
the  interiors  of  the  densest  forests  and  most  arid  desert-wastes,  or 
of  the  most  inaccessible  mountain-summits,  that  elsewhere  still  defy 
the  hardihood  of  our  most  daring  explorers.  But  while  it  may  be 
expected  that  the  whole  Land-surface  of  our  globe  may  ultimately 
be  brought  under  the  direct  survey  of  its  master — Man,  it  would 
seem  altogether  chimerical  to  imagine  that  he  can  ever  e2;tend 
that  survey  to  the  abyssal  depths  of  the  Ocean ;  for  although  he  can 
ascend  a  mountain  so  lofty  that  the  pressure  of  the  Atmosphere  is 
reduced  at  its  summit  to  considerably  less  than  one-half  that  to 
which  he  is  subjected  at  its  base,  the  depth  at  which  he  can  sustain 
life  beneath  the  surface  of  the  sea  is  extremely  limited.  For  even 
at  a  depth  of  about  thirty-two*  feet  (5^  fathoms)  the  pressure  of 
the  water  above  him  is  £qual  to  that  of  the  atmosphere,  whilst  at 
four  times  that  depth  (128  feet,  or  21^  fathoms)  the  pressure  of  the 
superincumbent  water  is  equal  to  that  of  four  atmospheres ;  so  that 
whilst  a  diver  working  at  the  former,  depth  is  subjected  to  double 
the  ordinary  atmospheric  pressure,  a  diver  descending  to  the  latter 
would  have  to  sustain  ^i;6  times  that  under  which  he  ordinarily  lives.f 
Even  supposing  that  means  could  be  devised  to  a£ford  him  a  con- 
tinuous supply  of  air  under  such  pressure,  it  would  produce  so  great 
a  disturbance  in  his  bodily  functions  that  he  could  not  long  support 
it ;  and  it  is  found  in  practice  that  divers  cannot  remain  for  any 
length  of  time  at  a  greater  depth  than  ten,  or  at  most  twelve 
fathoms.  The  only  mode,  therefore,  in  which  the  Ocean-depths  can 
be  explored,  is  the  sending  down  into  them  such  instruments  as  may 
furnish  information  in  regard  to  their  physical  conditions,  and  bring 

*  A  colamn  of  33  feet  of  fresh  water  is  commonly  ranked  as  the  equivalent  of  one 
Atmosphere,  but  the  weight  of  a  column  of  32  feet  of  tea  water  is  nearly  the  same. 

t  The  pressure  of  the  Atmosphere  on  the  body  of  an  averagO'sized  man  may  be  esti- 
mated at  tkboiit  fifteen  iont.  If  such  a  man  be  submerged,  therefore,  to  a  depth  of  32  feet, 
he  would  have  to  sustain  a  pressure  of  thirty  tone;  while,  if  he  sinks  to  128  feet,  the 
total  pressure,  on  his  body  will  be  eeventjf'flve  tons, 
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up  samples  both  of  the  surface-deposits  on  the  sea-bed  and  of  the 
living  organisms  it  supports.  The  improvements  which  have  been 
made  of  late  in  these  instruments^  and  in  Ae  mode  of  working 
them,  have  already  fructified  in  an  abundant  harvest  of  novel  and 
important  results ;  and  these  can  only  be  regarded  as  giving  a  fore- 
taste of  what  may  be  expected  from  the  continued  prosecution  of 
the  same  methods  of  inquiry. 

The  object  of  the  present  paper  is  to  give  an  outline  of  the 
physical  condition  of  the  Deep  Sea,  as  made  known  by  the  recent 
explorations  in  which  it  has  been  the  writer's  good  fortune  to  have 
borne  a  part.  An  account  of  the  animal  life  which  inhabits  it,  as 
revealed  by  the  investigations  not  only  of  his  colleagues  and  him- 
self, but  by  those  of  their  predecessors  in  the  same  line  of  inquiry, 
is  reserved  for  a  future  number. 

The  British  explorations  may  be  said  to  have  had  their  origin  in 
the  success  of  the  deep-sea  dredgings  carried  on  by  M.  Sars,  jun. 
(son  of  the  late  lamented  Professor  Michael  Sars),  who,  as  Inspector 
of  Fisheriea  to  the  Swedish  Government,  had  the  opportunity  of 
prosecuting  them  off  the  Loffoden  Islands,  and  other  points  of  the 
coast  of  Norway.  Besides  adding  greatly  to  our  Zoological  know- 
ledge by  the  number  of  new  forms  they  brought  to  light,  these 
dredgings  indicated  that  types  of  animal  life  previously  supposed  to 
have  been  peculiar  to  past  Geological  epochs,  and  to  have  long 
since*  ceased  to  exist,  still  have  their  abode  in  the  abyssal  depths  of 
the  ocean. — ^A  proposal  that  the  British  Government  should  be  asked 
to  take  part  in  like  explorations  elsewhere,  having  been  made  in  the 
spring  of  1868  by  Professor  Wyville  Thomson  of  Belfast,  was  sub- 
mitted by  the  writer  to  the  president  and  council  of  the  Royal 
Society,  and  by  them  strongly  recommended  to  the  Admiralty; 
which  accordingly  assigned  for  the  service  the  Surveying  vessel 
^'  Lightning,''  and  provided  her  with  the  best  appliances  that  could 
be  got  ready  on  so  short  a  notice.  The  scientific  work  of  this  ex- 
pedition, which  was  specially  directed  to  the  exploration  of  the  deep 
channel  which  lies  between  the  north  of  Scotland  and  the  Faroe 
Islands,  was  carried  on  by  Professor  Wyville  Thomson  and  the 
writer;  and  although  necessarily  limited  in  time,  and  much  inter- 
fered with  by  bad  weather,  it  afforded  results  of  such  interest,  in 
regard  both  to  the  physical  conditions  and  the  animal  life  of  the 
ocean  depths,  as  to  excite  a  strong  desire  that  the  inquiry  should 
be  taken  up  more  systematically,  and  prosecuted  on  a  more  extended 
scale. 

An  application  to  the  Admiralty  for  the  requisite  assistance  was 
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accordingly  made  by  the  Coancil  of  the  Boyal  Society  in  the  Bpring 
of  last  year;  and  the  Surveying  vessel  "Porcupine/'  with  her 
excellent  staff  of  officers  and  men^  was  assigned  for  the  purpose 
during  the  whole  season,  and  was  equipped  with  all  the  appliances 
that  previous  experience  had  shown  to  be  desirable. 

The  Expedition  of  the  "  Porcupine*'  was  divided  into  three 
Cruises.  The  first  of  these^  which  was  placed  under  the  scientific 
charge  of  Mr.  J.  Gwyn  Jeflfreys,  F.R.S.,  accompanied  by  Mr. 
William  L.  Carpenter  as  chemical  assistant,  commenced  from 
Galway,  near  the  end  of  May,  and  concluded  at  Belfast,  ajb  the 
beginning  of  July.  It  was  directed  in  the  first  instance  to  the 
south-west,  then  to  the  west,  and  finally  to  the  north-west  as  far 
as  the  Bockall  Bank.  The  greatest  depth  to  which  temperature- 
sounding  and  dredging  were  carried  in  this  cruise  was  1476 
fathoms  ;  and  these  operations,  through  the  excellent  equipment  of 
the  '^  Porcupine,''  and  the  skill  of  her  commander,  Captain  Calver, 
were  so  successfully  performed,  that  it  was  confidently,  anticipated 
that  still  greater  depths  might  be  reached  with  an  equally  satis- 
factory result. 

The  second,  Cruise,  which  was  under  the  scientific  charge  of  Pro- 
fessor Wyville  Thomson,  F.K.S.,  with  Mr.  Hunter,  of  Queen's 
College,  Belfast,  as  chemical  assistant,  was  consequently  directed  to 
the  nearest  point  at  which  a  depth  of  2500  fathoms  was  known  to 
exist,  viz.,  the  northern  extreiliity  of  the  Bay  of  Biscay,  about  250 
miles  to  the  west  of  Ushant.  In  this  cruise  temperature-sounding 
and  dredging  were  carried  down  to  the  extraordinary  depth  of  2345 
fathoms,  or  iMarhj  three  miles — ^a  depth  nearly  equal  to  the  height  of 
Mont  Blanc,  and  exceeding  by  more  than  500  fathoms  that  from 
which  the  Atlantic  Cable  was  recovered.  This  sea-bed,  on  which 
the  pressure  of  the  superincumbent  water  is  nearly  three  tans  far 
every  square  inch,  was  found  to  support  an  abundance  of  animal  life ; 
about  one  and  a  half  hundred  weight  of  "  Atlantic  mud,"  chiefly 
consisting  of  Olabigerinoi,  having  been  brought  up  in  the  dredge, 
together  with  various  types  of  higher  animals,  Echinoderms, 
Annelids,  Crustaceans,  and  MoUusks  i  among  them  a  new  Crinoid — 
referable,  like  the  Bhizocrmus,  whose  discovery  by  M.  Sars,  jun., 
had  been  the  starting-point  of  the  present  inquiry — to  the  Apia- 
erinite  type  which  flourished  during  the  Oolitic  period. 

The  third  Cruise  was  under  the  scientific  charge  of  the  writer, 
with  Mr.  P..  H«  Carpenter  as  chemical  assistant;  but  he  had  the 
great  advantage  of  being  accompanied  by  his  colleague  Professor 
Wyville  Thomson,  who,  as  in  the  ^^  Lightning"  expedition,  took  the 
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entire  superintendence  of  the  dredgring  operations.  The  object  of 
this  cniise^  which  commenced  in  the  middle  of  August  and  termi- 
nated in  the  middle  of  September,  was  a  more  thorough  exploration 
of  the  area  between  the  North  of  Scotland  and  the  Faroe  Islands ; 
this  having  been  found  in  the  '^  Lightning''  expedition  to  a£ford 
results  of  peculiar  interest  in  regard  alike  to  the  inequaUty  of  Tem- 
perature and  to  the  distribution  of  Animal  life  on  the  sea-bed,  which 
here  ranges  between  the  comparative  shallow  depths  of  from  350  to 
650  fathoms — the  last  named  being  the  greatest  depth  to  which 
dredging  had  been  carried  in  1868. 

Before  proceeding  to  state  the  results  of  these  inquiries,  it  will 
be  desirable  to  give  some  account  of  the  means  by  which  they  have 
been  obtained. 

The  first  point  to  be  determined  in  the  exploration  of  whafc  are 
often  culled  the  ^^  fathomless  abysses''  of  the  Ocean^  is  their  actual 
depth.  This,  it  might  be  supposed,  would  be  very  easily  ascertained  by 
letting  down  (as  inordinaiy  Sounding)  a  heavy  weight  attached  to  a 
line  strong  enough  to  draw  it  up  again,  until  the  weight  touches  the 
bottom ;  and  then  to  measure  the  amount  of  line  it  has  carried  out. 
But  this  method  is  liable  to  very  great  error.  Although  a  mass  of 
lead  or  iron  thrown  freely  into  the  water  would  continue  to  descend 
at  an  increasing  rate  (at  least  until  the  friction  of  its  passage  should 
neutralise  the  accelerating  force  of  gravity),  the  case  is  quite  altered 
when  this  mass  is  attached  to  the  end  of  a  rope,  of  which  the 
immersed  length  increases  as  the  weight  descends.  For  the  friction 
of  the  rope  comes  to  be  so  great  when  a  mile  or  more  has  run  out, 
as  seriously  to  reduce  the  rate  of  descent  of  the  weight,  and  at  last 
almost  to  stop  it ;  and  as  the  rope  will  still  continue  to  descend  by 
its  own  gravity  (which,  when  it  is  immersed,  considerably  exceeds 
that  of  water),  any  quantity  of  it  may  be  drawn  down,  without  the 
bottom  being  reached  by  the  weight  at  its  extremity.  Further,  if 
there  should  be  any  motion^  however  slow,  in  the  water  through 
which  it  passes,  this  current  acting  continuously  against  the  ex- 
tended surface  presented  by  the  rope,  will  carry  it  out  into  an 
almost  horizontal  loop,  the  length  of  which  will  depend  upon  the 
rate  of  the  flow  and  the  time  during  which  the  rope  is  exposed  to 
it.  Under  such  circumstances  it  is  impossible  that  the  impact  of 
the  weight  upon  the  bottom,  even  if  it  should  really  reach  it,  can 
become  perceptible  above;  and  thus  the  quantity  of  rope  which 
may  have  run  out  affords  no  indication  of  the  actual  depth  of  the 
sea-bed  beneath  the  surface.  Hence  all  those  older  Soundings 
which  were  supposed  to  justify  the  statement  that  the  bottom  of 
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the  ocean  is  not  less  in  some  places  than  six  or  eight  miles  from  the 
surface^  or  may  be  even  absolutely  fathomless^  are  uttierly  unre- 
liable ;  and  no  value  can  be  attached  to  any  of  these  that  exceed 
a  few  hundred  fathoms. 

Various  methods  have  been  devised  for  obtaining  more  correct 
TUeasurements ;  but  it  is  not  worth  while  to  describe  any,  save  such 
as  have  stood  the  test  of  experience ;  and  there  is  now  a  general 
agreement  as  to  the  principle  on  which  an  efficient  Sounding- 
apparatus  should  be  constructed,  although  thete  are  several  di£ferent 
arrangements  for  giving  to  it  practical  e£fect.  The  principle  is  that 
regard  should  be  had  in  the  first  instance,  not  to  recovering  the 
plummet,  or  ^^  sinker,*'  which  is  a  matter  of  quite  subordinate  con- 
sideration; but  to  securing  the  vertical  direction  of  the  line  to 
which  it  is  attached,  so  that  the  measurement  of  the  amount  run 
out  may  give  as  nearly  as  possible  the  actual  depth  of  the  water 
through  which  the  sinker  has  fallen.  The  earliest  mode  of  Sound- 
ing on  this  principle  was  a  very  simple  one.  A  cannon-ball  is 
attached  to  a  reel  of  twine,  of  known  length,  made  to  turn  very 
easily;  the  shot  being  let-go,  and  allowed  to  descend  as  fast  as  it 
reels  off,  reaches  the  bottom  with  the  least  possible  impediment ; 
and  a  breaking  strain  being  then  put  on  the  line,  the  depth  is 
estimated  by  subtracting  from  its  entire  length  the  portion  still 
remaining  on  the  reel.  This  method,  however,  has  not  been  found 
to  answer  in  practice.  For  if  the  line  be  not  strong  enough  to 
allow  of  being  put  strongly  on  the  stretch,  it  cannot  communicate 
the  shock  of  the  impact  of  the  cannon-ball  upon  the  sea-bottom ; 
and  its  want  of  tension  renders  it  liable  to  be  acted  on  both  by 
gravity  and  by  ocean  currents,  to  such  a  degree  that  it  continues  to 
run  out  indefinitely,  long  after  the  sinker  may  be  supposed  to  have 
reached  the  bottom.  It  is  an  additional  objection  to  this  method, 
that  even  if  it  could  be  worked  in  such  a  manner  as  to  give  true 
results,  these  data  would  be  far  from  satisfactory  :  since  we  desire  to 
know  not  merely  the  depth  of  the  ocean-bed  at  various  points,  but 
the  nature  of  the  bottom;  in  addition  to  which  it  has  now  become  a 
matter  of  essential  importance  to  ascertain  the  temperature  of  the 
bottom-water ;  whilst  it  is  also  desirable  to  obtain  a  sample  of  that 
water,  for  determining  the  composition  of  the  gases  as  well  as  of  the 
solid  matters  which  it  holds  in  solution. 

For  the  attainment  of  these  objects,  it  is  now  found  expedient 
to  adopt  the  following  plan : — The  sinker  is  connected,  not  with  the 
line  itself,  but  with  an  apparatus  which  is  so  constructed  as  to  detach 
it  when  it  touches  the  bottom ;  and  the  line  is  made  sufficiently 
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strong  not  onlj  to  bear  a  considerable  tension  as  tbe  weight 
descends^  bat  also  to  pull  ap  the  caenying  apparatus^  with  anj 
instraments  attached  to  it^  when  the  weight  has  been  left  below. 
The  shock  of  its  impact  against  the  bottom^  even  at  a  depth  of 
three  miles^  can  then  be  distinctly  recognized  by  a  practised  hand ; 
and  as  a  line  of  the  required  strength  can  be  made  small  enough  to 
run  out  very  easily,  its  vertical  direction  can  be  pretty  well  secured, 
even  at  great  depths,  if  the  operation  be  carried  on  by  an  officer  of 
ability  and  experience.  For  work  of  this  kind,  a  Steam-vessel  has 
a  great  advantage  over  a  Sailing-vessel;  since  the  former  can  be  much 
more  readily  kept  directly  over  the  line  of  vertical  descent,  so  as  to 
obtain  that  true  "  up-and-down''  sounding  which  is  required  for  the 
correct  estimation  of  the  depth. 

The  nature  of  the  bottom  is  ascertained  in  ordinary  shallow- water 
Sounding  by  the  examination  of  the  small  sample  that  may  adhere 
to  a  lump  of  tallow  introduced  into  a  hollow  at  the  bottom  of  the 
plummet.  But  for  deep-sea  Soundings  it  is  desirable  to  employ 
some  arrangement,  whereby  a  larger  sample  may  be  brought  up 
without  any  admixture  of  tallow ;  and  for  doing  this,  various  con- 
trivances have  been  devised.  When  the  depth  does  not  exceed 
1000  fathoms,  so  as  to  permit  the  use  of  an  ordinary  cylindrical 
deep-sea  lead,  weighing  one  hundredweight,  which  can  be  pulled  up 
again  by  the  line,  nothing  is  more  simple  and  effective  than  a  conical 
cup  attached  beneath  this,  having  a  circular  lid  so  fitted  as  to  fall 
down  and  close  it  when  an  upward  movement  is  given  to  the  lead. 
For  if  the  cup  should  penetrate  into  sand  or  mud,  it  fills  itself  with  this 
before  the  hd  falls  down ;  while  the  subsequent  closure  of  its  mouth 
prevents  its  contents  from  being  washed  out,  while  the  lead  is 
rising  to  the  surface.  During  the  Sounding  voyage  of  the  "  Ball- 
dog*'  an  apparatus  was  devised  by  Dr.  Wallich,  which,  as  having  been 
subsequently  much  employed  by  Swedish  explorers  of  the  deep  sea, 
merits  special  notice.  This  is  constructed  somewhat  on  the  plan  of  a 
bullet-mould ;  two  hemispherical  cups,  which  are  kept  apart  while 
the  apparatus  is  descending,  being  brought  together  by  a  spring 
which  comes  into  action  when  the  sinker  detaches  itself  on  reaching 
the  bottom,  so  that  a  sample  of  the  mud  or  sand  into  which  they 
may  have  penetrated  is  enclosed  between  them.  This  '^  Bulldogs- 
maskinen,''  as  it  was  termed  by  Professor  Sars,  has  been  very 
effectively  used  for  obtaining  not  merely  samples  of  any  deposit 
covering  the  sea-bed,  but  also  specimens  of  the  animcd  life  which  it 
may  support.  It  is  obvious,  however,  that  the  information  it  can 
afford  in  regard  to  the  latter  must  be  very  limited  in  comparison 
with  that  obtained  by  the  use  of  the  Dredge;  since  the  forceps  can 
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only  enclose  wliat  Itappena  to  lie  between  tiaofm  at  the  spot  whieh 
they  strike. 

Tke  sounding  instrnment  now  preferred  in  the  British  service  is 
known  as  the  '^  Hydra'^  apparatus ;  haying  been  devised  by  Capt. 
Shortlaod,  of  Her  Majesty's  surveying  ship  "  Hydra/'  It  consists 
of  a  strong  tubular  rod,  furnished  with  valves  that  open  upwards, 
so  as  to  allow  the  water  to  stream  through  it  freely  in  its  descent, 
whilst  the  mud  or  sand  into  which  the  tube  is  forced  on  reaching 
the  bottom,  is  prevented  by  their  closure  from  escaping.  This  is 
loaded  with  sinkers ;  which  are  masses  of  iron,  each  weighing  one 
hundredweight,  having  the  shape  of  a  cheese,  with  a  perforation  in 
the  middle  for  the  passage  of  the  rod.  One,  two,  or  three  of  these 
linkers  may  be  hung  upon  it,  in  such  a  mannner  as  to  rest  securely 
on  their  support  whilst  the  apparatus  is  descending,  but  to  fall  off 
as  soon  as  the  rod  strikes. 

In  the  recent  ^'  Porcupine ''  expedition,  the  one  hundredweight 
deep-sea  lead  with,  a  conical  cup  was  employed  for  Sounding,  when 
the  depth  was  not  supposed  to  exceed  1,000  fathoms.  For  sound- 
ings between  1,000  and  1,500  &thoms,  the  ^'  Hydra ''  apparatus  with 
two  sinkers  was  employed;  and  for  depths  greater  than  1,500  fathoms, 
three  sinkers  were  used.  The  line  to  which  these  were  attached  was 
.specially  made  for  the  purpose,  of  the  best  Italian  hemp;  and  although 
ZLOt  thicker  than  an  ordinary  lead  pencil,  it  bears  a  strain  of  twelve 
liundredweight.  It  was  allowed  to  run  out  as  fast  as  the  weight 
wotdd  carry  it  down,  a  moderate  strain  being  kept  upon  it ;  and  was 
reeled  in  by  the  donkey-engine  provided  for  working  the  dredge. 

The  following  piurticulars  of  the  deepest  Sounding  tak^i  in  this 
expedition  will  be  interesting;  since,  though  not  the  deepest  on 
record,  it  is  one  of  the  deepest  yet  made  which  is  thoroughly 
reliable,  having  been  taken  with  the  most  perfect  appliances,  and 
managed  by  an  Officer  of  the  greatest  skill  and  experience,  to  whose 
practised  hand  the  shock  of  the  arrest  of  the  weight  at  the  bottom 
was  distinctly  perceptible,  though  this  took  place  at  a  depth  of 
nearly  three  miles. 
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The  wbole  time  occupied  in  the  descent  was  thirty-three  minntes 
thirty-five  seconds ;  and  the  rate  at  the  end  was  about  one* third  of 
the  rate  at  the  commencement^  the  retardation  being  on  the  whole 
very  regular.  The  reeling-in,  which  required  great  caution  in  order 
to  avoid  putting  an  undue  strain  on  the  line^  its  friction  resistance 
being  much  greater  than  the  weight  it  carried^  occupied  two  hours 
two  minutes. 

The  pressure  exerted  by  the  water  of  the  Ocean  upon  whatever 
is  submerged  in  its  abysses^  may  be  readily  calculated  when  the 
depth  is  known.  The  weight  of  a  column  of  sea-water,  one  inch 
square,  is  almost  exactly  a  ton  for  eveiy  800  fathoms  of  its  height; 
and  consequently  the  pressure  upon  the  bottom  at  2435  fathoms 
depth  is  rather  over  three  tons  upon  every  square  inch.  This,  how- 
ever, has  but  very  little  eflFect  upon  the  density  of  the  water ;  for 
the  compressibility  of  water  is  so  slight  that  even  the  pressure  just 
mentioned  would  certainly  not  reduce  it  by  one-fortieth  of  its 
volume,  or  produce  an  increase  in  its  density  equalling  the  difference 
between  salt  and  fresh  water.  The  popular  notion,  therefore,  that 
a  mass  of  iron  or  lead  thrown  into  the  sea  would  encounter  so  rapid 
an  increase  in  density  of  the  water  through  which  it  sinks,  that  the 
deeper  strata  of  the  liquid  would  equal  or  even  exceed  the  metal  in 
density,  and  would  thus  hold  it  in  suspension  or  even  buoy  it  up,  is 
altogether  unfounded.  Not  less  unfounded  are  the  statements  that 
have  been  put  forward  upon  professedly  scientific  authority,  as  to 
the  effects  which  such  pressure  must  exert  upon  any  substances, 
whether  mineral  or  organic,  that  may  be  exposed  to  it.  Thus  it 
has  been  asserted  in  an  '^  Advanced  Text  Book  of  Geology,''  that 
"  at  great  depths  sand,  mud,  and  all  loose  debris  will  be  compressed 
and  consolidated/'  as  if  these  substances  were  being  squeezed 
in  a  Bramah  press,  which  should  force  out  all  their  liquid,  and 
bring  their  solid  particles  into  the  closest  possible  contact. 
The  fact,  now  ascertained  beyond  all  doubt,  that  sand  or  mud 
retains  its  ordinary  condition  at  a  depth  of  nearly  three  miles,  under 
a  pressure  of  more  than  three  tons  on  the  square  inch,  is  perfectly 
accordant  with  the  law  of  fluid  pressure ;  for  as  such  pressure  acts 
equally  in  all  directions,  it  will  be  exerted  just  as  much  in  forcing  in 
water  between  the  solid  particles,  as  it  is  in  pressing  these  particles 
together ;  and  thus,  an  equilibrium  being  uniformly  maintained,  the 
loose  sand  or  mud  of  shallow  water  would  remain  absolutely  un- 
changed in  its  condition,  to  whatever  depth  the  bottom  might 
subside.  The  same  principle  will  be  hereafter  shown  to  apply  to 
the  case  of  animals  whose  bodies  are  composed  of  solids  and  liquids 
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alone;  such  animals  being  able  to  ''live,  and  move,  and  have 
their  being  "  under  the  enormous  pressure  just  mentioned,  in  virtue 
of  its  uniformity  of  distribution.  The  case  is  quite  diflFerent,  how- 
ever, in  regard  to  substances  containing  air;  for  this,  under  great 
pressure  will  either  be  forced  out,  or  be  reduced  to  extremely  small 
proportional  dimensions,  its  place  being  taken  by  liquid.  Thus  it 
has  happened  that  a  boat  having  been  dragged  down  by  a  whale 
to  great  depths,  the  wood  of  which  it  was  made  sank  in  water  like 
a  stone,  and  this  not  only  when  it  was  first  recovered  from  the  sea, 
but  for  a  long  time  afterwards.  And  in  like  manner  not  only  the 
bodies  of  air-breathing  animals,  but  those  of  fish  provided  with 
swimming  bladders,  would  undergo  great  changes  in  size  and 
form  when  submerged  to  great  depths,  owing  to  the  extreme 
reduction  in  the  bulk  of  their  air-cavities. 

The  Pressure  of  ocean-waters  has  been  lately  found  by  experi* 
ment  to  exert  an  influence  of  which  the  amount  had  been  previously 
unsuspected,  on  the  Thermometers  used  for  one  of  the  most  im- 
portant portions  of  deep-sea  research — the  determination  of  the 
temperature  at  different  depths,  and  in  di£ferent  strata  of  the  ocean- 
waters.  As  will  be  presently  shown,  it  is  on  the  careful  study  of  the 
records  of  self-registering  thermometers  attached  to  the  sounding 
apparatus,  that  we  depend  for  our  knowledge  not  only  of  those 
differences  of  Submarine  Climate  by  which  the  distribution  of 
Animal  life  is  mainly  regulated,  but  of  those  great  undercurrents 
that  form  an  essential  part  of  the  great  system  of  Oceanic  Circula- 
tion, which  modifies  in  a  greater  or  less  degree  the  terrestrial 
climate  of  every  region  not  too  far  removed  from  its  influence.  No 
determination  of  deep-sea  temperatures  can  be  of  the  least  value, 
unless  either  the  instruments  employed  are  furnished  with  a  special 
protection  which  removes  them  from  the  influence  of  pressure,  or 
their  error  has  been  experimentally  tested  at  pressures  correspond- 
ing to  diflerent  depths.  And  all  these  older  observations,  on  which 
was  based  the  doctrine  of  a  uniform  temperature  of  39°  in  very 
deep  water  all  over  the  globe  (adopted  by  Sir  John  Herschel  in  his 
''Physical  Geography,*'  1861),  must  now  be  put  aside  as  utterly 
unreliable.  • 

All  the  Temperature-soundings  of  the  "  Porcupine  *'  expedition 
were  taken  with  self-registering  instruments  of  the  construction 
known  as  Six's,  which  had  been  specially  protected  from  the  effects 
of  pressure  by  the  enclosure  of  the  bulb  of  each  instrument  in  an 
outer  bulb,  sealed  round  the  neck  of  the  tube ;  about  three-fourths 
of  the  intervening  space  being  filled  with  spirit,  but  a  small  vacuity 
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being  left^  by  wliicli  any  redaction  in  the  capacity  of  the  onter  bulb 
18  prevented  from  commnnicating  pressure  to  the  inner.  This  phut 
of  construction^  which  was  suggested  by  Prof.  W.  A.  Miller,  has 
been  so  successfolly  carried  into  practice  by  Mr.  Casellaiy  that 
Thermometers  thus  protected  have  been  snbjected  to  a  pressure  of 
three  tons  on  the  square  inch,  in  a  testing-machine  devised  for  the 
purpose,  without  undergoing  more  than  a  very  slight  elevation,  of 
which  a  part  (at  least)  is  attributable  to  the  heat  given  out  by  the 
compression  of  the  water  in  which  they  were  immersed ;  whilst  the 
very  best  thermometers  of  the  ordinary  construction  were  affected 
by  the  same  pressure  to  the  extent  of  8^  or  10^,  the  elevation  in 
some  instruments  reaching  as  much  as  50^  or  60°.^  Two  of  these 
protected  Miller-Casella  thermometers  were  used  in  each  observa- 
tion ;  and  they  always  agreed  within  a  fraction  of  a  degree*  The 
same  pair  was  used  throughout  the  expedition ;  and  notwithstanding 
that  they  were  used  for  166  separate  observations,  in  which  they 
travelled  up  and  down  nearly  1 00  miles,  they  came  back  in  perfectly 
good  order, — ^a. result  mainly  due  to  the  care  with  which  they  were 
handled  by  Captain  Calver.  It  may  be  affirmed  with  great  confi- 
dence that  the  temperatures  which  they  indicated  were  correct 
within  1^  (Fahr.) ;  an  approximation  quite  near  enough  for  the 
scientific  requirements  of  the  case.  The  thermometers  are  enclosed 
in  cylindrical  cases,  having  holes  in  the  top  and  bottom,  through 
which  the  water  can  stream  freely  during  their  descent  and  ascent; 
and  these  cases  are  attached  to  the  sounding  line  just  above  its 
termination.  The  recorded  temperature  will  nearly  always  be  the 
minimum  encountered  by  the  instrument ;  the  only  cases  in  which 
the  temperature  of  the  deep  water  exceeds  that  of  the  surface,  being 
those  in  which  a  submarine  spring  discharges  warm  water  from  the 
interior  of  the  earth.  It  does  not  necessarily  follow,  however,  that 
ihe  minimum  temperature  should  be  that  of  the  bottom ;  but  such, 
as  is  shown  by  the  observations  made  in  the  '^  Porcupine  ^'  expe- 
dition, will  always  be  the  case,  unless  there  should  be  some  local 
peculiarity  of  bottom  or  current  that  brings  a  deep  aud  cold  stratum 
nearer  to  the  surface  than  that  under  which  it  normally  lies.  In 
order  to  determine  whether  the  rate  of  diminution  of  temperature 

*  See  Prof.  W.  A.  Miller's  "  Note  upon  a  Self-Begistering  Thermometer,  adapted  to 
Deep-Stfa  SoundingS)"  in  <*  Proceedings  of  the  Koytl  Society,"  June  17, 1869.— The 
•ame  principle  had  been  preriouslj  applied  in  thermometers  oonstraoted  under  the 
direction  of  Admiral  Fitsroj ;  the  space  between  the  two  bulbs,  however,  being  occupied 
with  mercury  instead  of  spirit.  Owing,  however,  to  some  imperfection  in  their  ooa- 
•truetion,  their  performanoe  was  not  saUsfaotory,  and  they  were  found  Tery  liable  to 
firaetore. 
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is  imifonn  from  above  downwards,  it  is  neoessaiy  to  take  a  seriM  of 
Temperatare-soundings  in  some  one  spot ;  the  temperature  at  siic« 
oeasive  depths  (say  at  every  50,  100,  or  250  fathoms,  according 
to  oircnmstances)  being  determined  by  letting  down  the  instmment 
to  the  depth  required,  and  then  drawing  it  up  again  and  noting  the 
miniTmim  recorded. 

In  this  manner  the  data  were  obtained  which  gave  the  remark- 
able results  represented  in  Diagrams  I.— -lY. ;  from  which  it  may 
be  inferred,  almost  with  certainty,  that  the  depression  of  temperature 
observable  in  the  deepest  parts  of  the  great  Ocean-basins,  is  due  to 
the  discharge  into  them  of  streams  of  Polar  water,  which  may  diffuse 
a  glacial  coldness  over  the  sea-bed  far  into  the  Temperate  Zone. 

Another  instrument  which  was  employed  in  the  "  Porcupine '' 
expedition  with  very  important  results,  in  connection  with  the 
sounding-apparatus,  is  a  water-bottle  for  the  collection  of  samples  of 
water  either  from  the  bottom  or  from  any  intermediate  stratum. 
This  is  simply  a  strong  cylindrical  vessel  of  .brass,  furnished  at  the 
top  and  bottom  with  a  conical  valve  opening  upwards,  and  holding 
about  60  oz.  of  water.  While  this  bottle  is  descendiag  through  the 
water  with  the  sounding  apparatus,  the  valves  readily  yield  to  the 
upward  pressure,  and  a  continuous  current  streams  through  it ;  but 
as  soon  as  the  descent  is  checked,  either  by  the  arrival  of  the  appa- 
ratus at  the  bottom,  or  by  a  stop  put  on  the  line  from  above,  the 
valves  fall  into  their  places,  and  thus  enclose  the  water  that  may  fill 
the  bottle  at  the  moment.  The  expansion  of  this  water  and  of  its 
dissolved  gases,  as  the  bottle  is  brought  to  the  surface,  causes  a 
pressure  from  within,  which  lifbs  the  upper  valve  so  as  to  permit 
the  escape  of  any  part  of  the  contents  of  the  bottle  that  may  be  in 
excess  of  its  capacity.  Of  the  water  thus  obtained,  some  samples 
were  carefully  preserved  for  complete  analysis  at  home,  especially 
with  a  view  to  the  determination  of  the  quantity  of  Organic  matter 
contained  in  them.  But  the  greater  part  of  the  samples  were  at  once 
boiled  for  some  time,  for  the  purposes  of  extracting  the  gases  they 
might  hold  in  solution ;  and  the  proportions  of  oxygen,  nitrogen, 
and  carbonic  acid  in  the  mixture  of  gases  thus  obtained  were 
carefully  determined. 

GSNEBAL  RESULTS. 

The  Temperature  observations  made  during  the  Lightning  exp^ 
dition  of  1868,  although  made  with  thermometers  unprovided  with 
the  protection  which  has  since  been  found  essential  to  their  accurate- 
performance  when  exposed  to  great  pressures  in  the  deep  sea>  indi- 
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cated  tliat  two  very  different  Submarine  Climates  exist  in  the  deep 
channel  which  lies  E.N.B.  and  W.S.W.  between  the  North  of  Soot- 
land  and  the  Faroe  Banks ;  a  minimum  temperature  of  32^  having 
been  registered  in  some  parts  of  this  channel^  whilst  in  other  parts 
of  itj  at  the  like  depths,  and  with  the  same  surface-tempercUure 
(never  varying  much  from  52°),  the  minimum  temperature  regis- 
tered was  never  lower  than  46°, — ^thus  showing  a  difference  of  14°. 
It  could  not  be  positively  asserted  that  these  minima  are  the 
ioi^om-temperatures  of  the  areas  in  which  they  respectively  occur, 
but  it  was  argued  that  they  must  almost  necessarily  be  so  :  first, 
because  it  is  highly  improbable  that  sea-water  at  32°  should  overlie 
water  at  any  higher  temperature,  which  is  specifically  lighter  than 
itself,  unless  the  two  strata  have  a  motion  in  opposite  directions 
sufficiently  rapid  to  be  recognizable ;  and  second,  because  the  nature 
of  the  animal  life  found  on  the  bottom  of  the  Cold  area,  which  con- 
sists of  quartzose  sand  'including  volcanic  particles,  exhibited  a 
marked  correspondence  with  its  presumed  reduction  of  temperature, 
being  essentially  Boreal  in  its  general  character ;  whilst  the  sea-bed 
of  the  Warm  area  is  essentially  composed  of  Globigerina-mud,  and 
the  animal  life  which  it  supports  is  characteristic  of  the  warmer- 
temperate  seas. 

This  conclusion,  it  is  obvious,  would  not  be  invalidated  by  any 
error  arising  from  the  effect  of  pressure  on  the  bulbs  of  the  ther- 
mometers ;  since,  although  the  actual  minima  might  be— -as  was 
then  surmised — from  2°  to  4°  below  the  recorded  minima,  the 
difference  between  temperatures  taken  at  the  same  or  nearly  the 
same  depths  would  remain  unaffected.  The  correctness  of  this 
surmise  was  proved  by  subsequent  experiments ;  and  the  numerous 
observations  with  *' protected ''  thermometers  made  during  the 
"  Porcupine  "  survey  of  the  area  traversed  by  the  "  Lightning '' 
expedition,  fully  confirm  the  observations  made  in  the  latter, 
when  the  requisite  correction  for  pressure  (from  2°  to  3°  according 
to  the  depth)  is  applied  to  them.  (See  Map  I.  and  accompanying 
Table.) 

The  existence  in  the  Cold  area  of  a  minimum  temperature  of  32°, 
with  a  Fauna  essentially  Boreal,  could  not,  it  was  argued,  be 
accounted  for  in  any  other  way,  than  by  the  supposition  of  an 
under-current  of  Polar  water  coming  down  from  the  north  or 
north*east:  whilst,  conversely,  the  existence  in  the  Warm  area 
of  a  minimum  temperature  of  46°,  extending  to  500  or  600 
fathoms'  depth,  in  the  latitude  of  60°  (being  at  least  8°  above 
its  Isotherm),  together  with  the  warmer-temperate  character  of  its 
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Fanna^  seemed  equally  indicatire  of  a  flow  of  Equatorial  water  from 
the  south  or  south-west. 

It  was  further  urged  that  if  the  existence  of  two  such  different 
submarine  climates  in  close  proximity  can  only  be  accounted  for  on 
the  hypc^tl^sis  of  an  Arctic  stream  and  an  Equatorial  stream  run- 
ning side  by  side  (the  latter  also  spreading  over  the  former  in  con- 
sequence of  its  lower  specific  gravity)^  these  streams  are  to  be 
regarded  (like  the  Gulf  Stream)  as  particular  cases  of  a  great  general 
oceanic  circulation,  which  is  continually  bringing  the  water  cooled 
down  in  the  Polar  regions  into  the  deepest  parts  of  the  Equatorial 
ocean-basins^  whilst  the  water  heated  in  the  Equatorial  regions 
moves  towards  the  Poles  on  or  near  the  surface.  Such  a  circulation 
was  long  since  pointed  out  to  be  as  much  a  physical  necessity^  as 
is  that  interchange  of  air  between  the  Equatorial  and  Polar  regions, 
which  has  so  large  a  share  in  the  production  of  winds :  but  whilst 
Physical  Geographers  remained  under  the  dominant  idea  that  the 
temperature  of  the  deep  sea  is  everywhere  39°,  they  could  not  fully 
recognize  its  importance. 

These  doctrines  have  been  fully  tested*  by  the  very  numerous 
and  careful  temperature-soundings  taken  in  the  "  Porcupine  ^'  expe- 
dition ;  and  the  result  has  been  not  merely  to  confirm  them  in  every 
particular — so  that  they  may  now  take  rank  as  established  facts,-— 
but  also  to  show  that  a  Temperature  2^°  (Fahr.)  below  the  freezing 
point  of  fresh  water  may  prevail  over  the  sea-bed  in  a  region  far 
removed  from  the  Polar,  and  that  even  this  extreme  reduction  is 
by  no  means  antagonistic  to  the  existence  of  Animal  life  in  great 
variety  and  abundance. 

The  general  distribution  of  6o^^om-temperature  in  the  channel 
between  the  north  of  Scotland  and  the  Faroe  Banks,  is  shown  in 
the  accompanying  Map,  the  coloured  portion  of  which  marks  the 
deeper  portion  of  that  channel,  bounded  on  the  south-east  by  the 
100  fathom  line,  and  on  the  north-west  by  the  Faroe  Banks.  This 
100  fathom  line  may  be  considered  as  marking  the  boundary  of 
the  plateau  on  which  the  British  Islands  rest,  and  which  extends  to 
some  distance  around  their  coasts.  An  elevation  of  this  plateau  to 
the  extent  of  100  fathoms  (600  feet),  would  convert  the  whole  of  it 
into  dry  land ;  and  not  only  would  Ireland,  the  Isle  of  Man,  and 
the  Orkney  and  Shetland  Islands,  be  brought  into  continuity  with 
Gfeat  Britain,  but  the  bed  of  the  North  Sea  and  of  the  English 
Channel  would  almost  everywhere  become  dry  land,  and  thus  the 
whole  British  area,  with  an  addition  taken  into  it  from  the  Atlantic, 
would  become  continuous  with  the  continent  of  Europe.    It  would 
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still  be  separated  from  the  Faroe  IslaudB,  however,  by  a  cbannel 
reaching  to  500  fathoms'  deptb^  the  south-eastern  bank  of  which  is 
very  steep;  and  it  is  in  this  channel  that  the  remarkable  phe- 
nomenon is  presented  of  a  wide  and  deep  stream,  bringing  a  Glacial 
temperature  into  the  near  neighbourhood  of  the  shore  of  Scotland* 
The  general  course  of  this  stream  is  shown  by  the  bliLe  tint.  In  the 
north-east  portion  of  the  channel,  which  lies  between  the  Faroe  and 
the  northernmost  of  the  Shetland  Islands,  every  part  of  the  bottom 
that  is  below  300  fathoms'  depth  appears  to  be  overflowed  by  the 
glacial  stream;  and  though  this  is  everywhere  covered  by  the 
warmer  stratum,  which  seems  to  have  come  thither  from  the  south- 
west, it  is  only  on  the  shallower  slopes  of  the  channel,  that^  as 
indicated  by  the  red  tint,  this  stratum  gives  its  higher  tempera- 
ture to  the  bottom.  On  the  other  hand^  in  the  western  portion  of 
the  deep  channel,  which  lies  between  the  Faroe  Banks  and  the 
Hebrides,  the  glacial  stream  is  to  be  found  limited  to  a  compara- 
tively narrow  band  on  its  northern  side;  the  higher  tempera- 
ture of  the  surface-water  extending  downwards  to  the  bottom  of 
its  southern  part,  and  being  found  to  prevail  at  the  like  depths  in 
a  westerly  direction,  as  far  as  the  great  descent  which  leads  to  the 
deeper  part  of  the  Atlantic  basin.  What  is  the  precise  cause  of 
the  narrowing  of  the  glacial  stream  in  this  part  of  the  channel, — 
whether  it  is  turned  aside  by  .a  '^  middle  bank,''  or  displaced  by  the 
body  of  warmer  water  coming  to  meet  it  from  the  south-west^ — 
cannot  at  present  be  stated  with  certainty ;  nor  has  its  ultimate 
course  yet  been  traced  out.  The  temperature-phenomena  of  the 
Atlantic  basin,  however,  will  be,  presently  shown  to  render  it  pro- 
bable that  the  Glacial  stream  of  what  may  be  termed  the  '^  Light- 
ning channel "  is  discharged  into  it^  together  with  other  streams 
coming  down  more  directly  from  the  Arctic  basin,  as  indicated  by 
the  blue  tint  over  the  western  portion  of  the  map. 

The  depths  and  bottom-temperatures  obtained  at  the  several 
Stations  indicated  by  the  numbers  on  the  Map,  are  given  in  the  ac- 
companying Table;  the  Eoman  numerals  marking  those  taken  in 
the  '^  Lightning"  expedition  of  1868  (with  the  requisite  correction 
for  pressure),  and  the  Arabic  figures  marking  those  of  the  '^  Por- 
cupine^' expedition  of  1869.  Besides  the  fifty-one  fto^^m-sound- 
ings  taken  in  water  of  more  than  100  fathoms'  depth,  serial 
soundings  (p.  284)  were  taken  at  successive  depths  at  three  Stations. 
At  Station  87,  which  lay  in  the  Warm  area,  about  125  miles  to  the 
north-west  of  Stomoway,  the  temperatures  were  taken  at  60,  100, 
150,  200,  300,  400,  500,  600,  and  767  fathoms  (bottom) ;  and  the 
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rate  of  diminntioii  of  temperatare  {mm  the  sarface  downwairds, 
amoantiDg  m  all  to  11*2°  degrees  (Fabr.),  is  showQ  in  the  upper 
onrre  of  Diagram  I.  At  Station  52,  which  lay  in  the  Cold  area,  near 
the  Boath-eaflt  comer  of  the  Faroe  Bank,  the  temperatare  was  taken 
at  every  50  fathomn  down  to  300,  and  then  at  381  fathoms  (bottom) ; 
and  the  rate  of  diminution  from  the  surface  downwards,  here  amonnt- 
ing  in  the  whole  to  21*5°  (Fahr.),  is  shown  in  the  middle  corre  of 
Diagram  I.  At  Station  64,  which  also  lay  in  the  Cold  area,  but  in 
the  middle  of  the  north-east  portion  of  the  channel,  the  temperature 
was  taken   at  every   50  fathoms  down  to  600,  and  then  at   610 


fathoms  (bottom) ;  and  the  rate  of  dimination  from  the  sarface 
downwards,  here  amounting  in  the  whole  to  20' 1°,  is  shown  in  the 
lotoer  curve  of  Diagram  I. 

The  reUtion  between  Depth  and  Temperature  in  the  Warm  and 


Cold  areas  respectively,  is  welt  shown  in  Diagrams  tl.  and  III.,  in 
which  (neglecting  fractional  parts)  each  line  marks  a  descent  of 
1°  Fahr. 

The  mii/ttcs-temperature  may  be  said  to  be  everywhere  nearly 
the  same,  rix.  52°;  the  variations  above  or  below  this  being 
attribntable  either  to  atmospheric  differences  (as  wind,  sunshine, 
etc.)i  or  to  difference  of  latitude.     Alike  in  the  Warm  and  the  Cold 
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areas  there  is  a  fall  of  from  3^  to  4^  in  the  first  fifby  fathoms^ 
bringing  down  the  temperature  at  that  depth  to  48^.  A  slow 
descent  takes  place  nearly  at  the  same  rate  in  both  areas  through 
the  next  150  fathoms ;  the  temperature  in  the  Warm  area  at  the 
depth  of  200  fathoms  being  47°,  whilst  in  the  Cold  it  was  45*7''.  It 
is  below  this  depth  that  the  marked  difference  shows  itself.  For 
whilst  in  the  Warm  area  there  is  a  slow  and  pretty  uniform  descent 
in  the  next  400  fathoms,  amounting  to  less  than /our  degrees  in  the 
whole,  there  is  in  the  Cold  area  a  descent  of  fifteen  degrees  in  the 
next  1 00  fathoms,  bringing  down  the  temperature  at  300  fathoms 
to  30'8°.  Even  this  is  not  the  lowest ;  for  the  serial  soundings 
taken  at  depths  intermediate  betweeen  300  and  640  fathoms  (the 
latter  being  the  greatest  depth  met  with  in  the  Cold  area)  showed  a 
further  progressive  descent;  the  lowest  bottom- temperature  met 
with  being  29-6°. 

Thus,  while  the  temperature  of  the  superficial  stratum  of  the 
water  occupying  the  Gold  area,  clearly  indicates  its  derivation  from 
the  same  source  as  the  general  body  of  water  occupying  the  Warm 
area,  the  temperature  of  the  deeper  stratum,  which  may  have  a 
thickness  of  more  than  two  thousand  feet,  ranges  from  the  freezing- 
point  of  fresh  water  to  2^°  below  it.  Between  the  two  is  a  stratum 
of  intermixture  of  about  100  fathoms  thickness,  which  marks  the 
transition  between  the  warm  superficial  layer,  and  the  body  of 
frigid  water  which  occupies  the  deeper  part  of  the  channel. 

The  shortest  distance  within  which  these  two  contrasted  Sub- 
marine Climates  were  observed  at  corresponding  depths,  was  about 
20  miles ;  but  a  much  smaller  distance  was  sufficient  to  produce  it 
when  the  depth  rapidly  changed.  Thus  near  the  southern  border  of 
the  deep  channel,  at  a  depth  of  190  fathoms  (Station  85),  the 
bottom-temperature  was  48*7°;  while  only  six  miles  off",  where  the 
depth  had  increased  to  445  fathoms  (Station  86),  the  bottom  tem- 
perature was  30*  1°.  In  the  first  case,  the  bottom  evidently  lay  in 
the  warm  superficial  stratum;  whilst  in  the  second  it  was  over- 
flowed by  the  deeper  Glacial  stream. 

It  seems  impossible  to  account  for  these  phenomena,  on  any 
other  hypothesis  than  that  of  the  direct  derivation  of  this  frigid  water 
from  the  Arctic  basin.  And  this  agrees  Very  well  with  other  facts 
observed  in  the  course  of  the  exploration.  Thus  : — ( I .)  The  rapid 
descent  of  temperature  marking  the  '^stratum  of  intermixture^' 
began  about  50  fathoms  nearer  the  surface  in  the  most  northerly 
portion  of  the  cold  area  examined,  than  it  did  in  the  most  southerly, 
as  might  be  expected  from  the  nearer  proximity  of  the  cold  stream 
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to  its  source.  (2.)  The  sand  coTermg  the  bottom  contains  particles 
of  Yolcanic  minonda^  probably  brought  down  from  the  Faroe 
Islands,  Jan  Mayen,  or  Spitzbergen.  (3.)  The  Fauna  of  the  cold 
area  has  a  decidedly  Boreal  type;  many  of  the /animals  whioh 
abound  in  it  baring  been  hitherto  found  only  on  the  shores  of 
Greenland,  Iceland,  or  Spitzbergen. 

Although  the  Temperatures  obtained  in  the  Warm  area  do  not 
aiSbrd  the  same  strildng  eyidence  of  the  derivation  of  its  whole 
body  of  water  from  a  Southern  source,  yet  a  careful  examination  of 
its  condition  seems  fully  to  justify  such  an  inference.  For  the 
water  at  400  fathoms  in  Lat.  59^^  was  only  2*4^  colder  than  water  at 
the  same  depth  at  the  northern  border  of  the  B^y  of  Biscay,  in  a 
latitude  more  than  10^  to  the  souths  where  the  surface-temperature 
was  62*7^;  and  the  approximation  of  the  two  temperatures  is  yet 
nearer  at  still  greater  depths,  the  bottom-temperafcure  at  767 
fathoms  at  the  former  station  being  41*4^,  whilst  the  temperature  at 
750  finthoms  at  the  latter  point  was  42*5^.  Hence,  as  it  may  be 
certainly  affirmed  that  the  lowest  temperature  observed  in  the  Warm 
area  is  considerably  above  the  Isotherm  of  its  latitude,  and  that  this 
elevation  could  not  lie  maintained  against  fte  eooUiig  mftuwiap  of 
the  Arctic  stream  but  for  a  continual  Bopplj  ot  heut  from  a 
warmer  region,  the  inference  seems  inevitaUe  that  the  1m&  of  the 
water  in  the  warm  area  must  have  come  thither f^om  the  wefoA^weBt. 

Now  the  influence  of  the  Gulf  Stream  proper  (meaning  by  this 
the  body  of  superheated  water  which  issues  thiDogh  the  ''  Kamrws '' 
from  the  Gulf  of  Mexico),  if  it  reaches  this  locality  at  all-^which  is 
very  doubtful — could  only  affect  the  moat  superficial  stnium;  and 
the  same  may  be  said  of  the  surface-drift  caused  by  the  prevalflnce 
of  south-westerly  winds,  to  which  some  have  attributed  the  phe- 
nomena usually  accounted  for  by  the  extension  of  tike  Onlf  Stream 
to  these  regions.  And  the  presence  of  the  body  of  water  which 
lies  between  100  and  600  fathoms'  depth,  and  the  range  of  whose 
temperature  is  from  48^  to  42^,  can  scarcely  be  accounted  lor  on 
any  other  hypothesis  than  that  of  a  great  general  movement  cfEfua- 
toricd  water  towards  the  Polar  area;  of  which  movement  the  Gulf 
Stream  constitutes  a  peculiar  case  modified  by  local  condiftions. 
In  like  manner,  the  Arctic  Stream  whioh  underlies  the  warm  super- 
ficial stratum  in  our  Gold  area,  constitutes  a  peculiar  case,  modified 
by  the  local  conditions  to  be  presently  explained,  of  a  great  general 
movement  of  Polar  water  towards  the  Eqimtorial  area,  which  de- 
presses the  temperature  of  the  deepest  parts  of  the  great  oceanic 
basina  nearly  to  the  free2dng-point. 

VOL.   I.  N.S. — ^NO.   III.  B 
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Daring  the  first  and  second  cruises  of  the  "Porcapme,"  the 
Temperature  of  the  eastern  border  of  the  great  North  Atlantic  basin 
was  e^camined  at  rarions  depths  between  from  54  to  2435  fathoms, 
and  in  widely  different  lucalities,  ranging  &om  lat.  47°  to  lat.  55°. 
The  (offom-temperature  was  ascertained  at  30  stations,  and  serial 
soundings  were  taken  at  7  stations ;  making  the  total  number  of 
observations  84.  Amongst  all  these  the  coincidence  of  tempera- 
tures at  corresponding  depths  is  extraordinarily  close;  the  chief 
differences  showing  themselves  in  the  temperatm-e  of  the  surface 
and  of  the  stratum  immediately  beneath  it. 

The  superheating  of  the  sorface-stratum,  which  sometimes 
amounts  to  more  than  10°,  and  was  distinguishable  by  the  small  depth 
to  which  it  extended,  was  fonnd  to  be  more  marked  (as  might  be 
expected]  bt  the  southern  than  at  the  northern  stations.  Whether 
it  is  entirely  due  to  the  direct  influence  of  Solar  heat,  or  depends  in 
any  degree  on  an  extension  of  the  Gcnlf  Stream  as  far  as  the  sonthem 
part  of  the  area  examined,  is  a  question  which  can  only  be  resolved 
by  the  determination  of  its  relative  amount  at  different  seasons. 
njv.  '^*  Putting  this  aside,  and  taking  54"  as 

^  the  ordinary  surface-temperature  (this 
,  having  been  its  average  at  those  sta- 
tions in  which  there  was  no  conspicuous 
superheating),  the  general  relation  be- 
tween temperature  and  depth  in  the 
Atlantic  basin  is  indicated  in  Diagram 
IV.,  which  is  constructed  on  the  same 
plan  and  scale  as  Diagrams  II.  and  III., 
with  which  it  may  be  advantageously 
compared. 

Between  100  and  500  fathoms  the 
rate  of  depression  is  very  slow,  avert- 
ing only  about  S°  in  the  whole,  or  three- 
fourths  of  a  degree  for  every  100 
fathoms ;  and  this  body  of  water  has 
a  temperature  so  much  above  the 
Isotherm  of  the  northern  stations  at 
which  the  observations  were  made,  as 
susuu  IT.  decidedly  to  indicate  that  it  must  have 

found  its  way  thither  from  a  southern  Houroe,  Between  500 
and  750  fathoms,  however,  the  rate  of  decrease  becomes  much 
more  rapid,  the  reduction  being  5'4°,  or  above  2°  per  100  fathoms ; 
while  between  750  and  1000  fathoms  it  amounts  to  3'!'',  bringing 
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down  tlie  temperature  at  the  latter  depth  to  an  average  of  88^'6» 
Beneath  this  there  is  still  a  slow  progressive  redaction  with  in* 
crease  of  depth,  the  temperatore  falling  a  little  more  than  2^  between 
1000  and  2435  fathoms;  so  that  at  the  last-named  depth,  the 
greatest  at  which  it  was  ascertained,  it  was  36*5°. 

Now,  on  comparing  the  rate  of  depression  of  Temperature  in 
successive  strata  of  this  deep  Atlantic  basin,  with  that  which  has 
been  shown  to  exist*  in  the  thinner  strata  of  our  comparatively 
shallow  Cold  area,  a  very  remarkable  relation  presents  itself;  the 
Thermometric  changes  requiring  in  the  former  case  a  much  greater 
Bathjmetric  descent  than  in  the  latter,  but  corresponding  very 
closely  with  them  when  this  allowance  is  made.  This  relation  may 
be  presented  to  the  mind  by  ideally  extending  Diagram  III. 
in  a  vertical  direction,  so  that  ifcs  horizontal  lines  should  be 
separated  by  much  wider  intervals.  It  has  been  pointed  out 
(p.  240)  that  in  the  latter  the  stratum  of  about  100  fathoms  which 
lies  below  the  superficial  50,  shows  but  a  very  slight  decrease  of 
temperature;  presenting  almost  exactly  the  same  rate  of  descent 
as  the  stratum  between  similar  depths  in  the  neighbouring 
Warm  area.  Now,  with  this  100  fathoms'  stratum,  a  stratum 
of  about  500  fathoms  beneath  the  superficial  100  in  the  deep 
Atlantic  very  closely  corresponds;  the  reduction  down  to  500 
fathoms  being  at  an  extremely  slow  rate.  Between  150  and  300 
fathoms  in  the  Gold  area,  however,  the  rate  of  reduction  becomes 
very  much  greater;  and  this  is  just  what  presents  itself  in  the 
Atlantic  basin  between  500  and  1000  fathoms ;  so  that  as  in  the  Cold 
area  we  come  down  at  very  little  below  300  fathoms  upon  a  stratum 
of  glacial  water,  so  in  the  Atlantic  basin  we  come  down  at  1000 
fathoms  upon  a  stratum  averaging  38*6^.  And  further,  as  there  is 
below  this  a  progressive  diminution  of  about  2^  as  we  descend 
through  the  lower  300  fathoms  of  the  Cold  area,  so  a  like  progressive 
diminution  is  shown  as  we  descend  through  the  lower  1000  fathoms 
of  the  deep  Atlantic  basin. 

If,  then,  it  be  assumed  that  the  body  of  glacial  water  brought 
down  from  the  Arctic  basin  by  the  various  Polar  currents,  is  dis- 
charged into  the  wide  and  deep  Atlantic  basin,  it  will  tend  to  diffuse 
itself  over  its  bottom,  partly  displacing,  and  partly  mingling  with, 
the  water  which  previously  occupied  it ;  so  as  to  form  a  stratum  of 
considerable  thickness,  which,  while  much  colder  than  the  water 
nearer  the  surface,  has  lost  the  extreme  frigidity  which  charac- 
terizes the  current  at  a  comparatively  small'  depth  when  it  comes 
firesh  from  the  Arctic  basin.    And  just  as  the  rapid  descent  of  tem- 
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peratnre  between  150  and  SOO  fothoma  in  tlie  cold  area,  may  be 
taken  to  indicate  that  this  is  the  stratum  of  intermixtwtB  between 
the  warm  saperficial  stream  coming  from  the  southward^  and  the  deep 
flow  of  glacial  water  coming  from  the  northward,  so  may  the  like 
rapid  diminution  between  500  and  1000  fathoms  in  the  Atlantic  basin,, 
be  taken  as  indicating  that  this  is  the  stratum  of  mtermixtv/re  between 
the  great  body  of  surface-water  carrying  a  higher  temperature  from 
the  Equatorial  towards  the  Polar  regions,  and  the  diluted  Polar 
stream  which  seems  to  occupy  all  the  deeper  parts  of  the  basin  to 
within  about  1000  fathoms  of  tiie  surface,  and  thus  carries  back 
Polar  water  to  the  Equatorial  area. 

The  Temperature-soundings  recently  taken  by  Commander 
Chimmo,  B.N.,  and  Lieutenant  Johnson,  R.N.,  at  various  points  in 
the  North  Atlantic  basin,  when  the  requisite  corrections  are  applied 
for  the  influence  of  pressure  on  the  bulbs  of  the  unprotected  ther<- 
mometera  employed  by  them,  giro  results  which  are  remarkably 
accordant  with  our  own  j  so  that  it  may  be  stated  with  confidence 
that  the  temperature  of  the  deeper  parts  of  the  North  Atlantic  sea- 
bed is  but  a  very  few  degrees  above  the  freezing-point. 

Now  a  glance  at  the  North  Polar  region,  as  laid  down  either  on  a 
Globe  or  on  any  projection  of  which  the  pole  is  the  centre  (Map  II.), 
shows  that  the  Polar  basin  is  so  much  shut  in  by  the  northern 
shores  of  the  European,  Asiatic,  and  American  continents,  that  ita 
only  communication  with  the  North  Atlantic  basin — ^besides  the 
circuitous  passages  leading  into  Hudson's  and  Baffin^s  Bays — is  the 
space  which  intervenes  between  the  eastern  coast  of  Greenland  and 
the  north-western  portion  of  the  Scandinavian  peninsula.  If,  there- 
fore, there  be  any  such  general  interchange  of  Polar  and  Equatorial 
water  as  that  for  which  we  have  argued,  the  Arctic  stream  must 
flow  through  the  deeper  portions  of  this  interspace,  at  the  north  of 
which  lies  Spitzbergen,  whilst  Iceland  and  the  Faroes  lie  in  the 
middle  of  its  southerly  expanse.  Now  in  the  channel  that  liea 
between  Greenland  and  Iceland,  the  depth  is  such  as  to  give  a  free 
passage  to  such  a  frigid  stream  j  but  between  Iceland  and  the  Faroe 
Islands  there  is  no  depth  so  great  as  300  fathoms  at  any  part,  except 
in  a  narrow  channel  at  the  south-east  comer  of  Iceland ;  so  that  an 
eflfectual  barrier  is  thus  interposed  to  any  movement  of  frigid  water 
at  a  depth  exceeding  this.  A  similar  barrier  is  presented,  not 
merely  by  the  plateau  on  which  the  British  Islands  rest,  but  also  by 
the  bed  of  the  North  Sea ;  the  shallowness  of  which  must  give  to 
such  a  movement  a  not  less  effectual  check  than  would  be  aflbrded 
by  an  actual  coast^line  uniting  the  Shetland  Islands  and  Norway* 
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Goosequentiij^  it  is  obviouB  that  a  Sow  af  ioe-cold  water^  at  a  d^pth 
exoeeding  300  fathoms  from  the  surface^  down  the  north-eastem 
portioii  of  this  interspace^  ccua  otly  find  its  way  southwards  tiirough 
the  deeper  portion  of  the  channel  between  the  Faroe  and  Shetland 
Islands,  which  will  turn  it  into  a  W.S.W.  direction  between  the 
Faroe  Islands  and  the  north  of  Scotland,  and  finally  discharge  such 
part  of  it  as  has  not  been  neutralized  by  the  opposing  stream 
coming  up  from  the  south-west,  into  the  great  North  Atlantic  basin, 
where  it  will  meet  the  Icelandic  and  Greenland  currents,  and  unite 
with  them  in  diffusing  frigid  waters  through  its  deeper  portion.  In 
thus  spreading  itself,  however,  the  frigid  water  will  necessarily 
mingle  with  the  mass  of  warmer  water  which  it  there  meets,  and 
will  thus  have  its  own  temperature  raised,  whilst  lowering  the 
general  temperature  of  that  mass ;  and  hence  it  is  that  we  dp  not 
find  the  temperature  of  even  the  greatest  depths  of  the  Atlantic 
basin  nearly  so  low,  as  that  of  the  comparatively  shaliow  channel 
which  feeds  it  with  Arctic  water. 

It  may  be  questioned,  however,  whether  the  whole  body  of 
Arctic  water  that  finds  its  way  through  the  channels  just  indicated, 
could  alone  maintain  so  considerable  a  redaction  in  the  temperature 
of  the  enormous  mass  which  lies  below  1000  fathoms  in  the  Atlantic 
basin ;  subject  as  this  must  be  to  continual  elevation  by  the  surface- 
action  of  the  sun  on  its  southern  portion*  And  as  the  few  reliable 
observations  on  deep-sea  temperatures  under  the  equator  indicate 
that  even  there  a  temperature  not  much  above  32^  prevails,  it 
seems  probable  that  part  of  the  cooling  effect  is  due  to  the  ex- 
tension of,  a  flow  of  frigid  water  from  the  Antarctic  Pole,  even 
north  of  the  tropic  of  Cancer.  Of  such  an  extension  there  is 
•evidence  in  the  temperature-soundings  recently  taken  in  H.M.S. 
'' Hydra  ^'  between  Aden  and  Bombay,  where  a  temperature  of 
36*5^  was  observed  at  a  depth  of  1800  fathoms.  Here  the  cooling 
influence  could  scarcely  have  been  derived  from  any  other  source 
than  the  Antarctic  area. 

The  unrestricted  communication  which  exists  between  the  Ant- 
arctic area  and  the  great  Southern  Ocean  basins,  would  involve,  if 
the  doctrine  of  a  general  Oceanic  Circulation  be  admitted,  a  much 
more  considerable  interchange  of  waters  between  the  Antarctic  and 
Equatorial  areas,  than  is  possible  in  the  Northern  hemisphere.  And 
of  such  a  free  interchange  there  seems  adequate  evidence ;  for  it  is 
well  known  to  navigators  that  there  is  a  perceptible  "  set  '*  of  warm 
fiurface-water  in  all  the  Southern  oceans  towards  the  Antarctic 
Pole ;  this  "  set ''  being  so  decided  in  one  part  of  the  Southern 
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Indian  Ocean^  as  to  be  compared  by  Captain  Manry  to  tbe  Gulf 
Stream  of  the  North  Atlantic*  Conversely,  it  would  appear  from 
the  application  of  the  necessary  pressure-correction  to  the  tempe- 
ratures taken  in  Sir  James  Boss's  Antarctic  Expedition,  the  voyage 
of  the  ''Venus/'  etc.,  at  depths  greater  than  1000  fathoms,  that  the 
bottom-temperature  of  the  deepest  parts  of  the  Southern  oceanic 
basin  really  approaches  the  freezing-point,  or  is  even  below  it.  And 
if  the  temperature  of  the  deeper  portion  of  the  North  Pacific  Ocean 
should  be  found  to  exhibit  a  depression  at  all  corresponding  to  that 
of  the  North  Atlantic,  it  must  be  attributed  entirely  to  the  exten- 
sion of  this  Antarctic  flow ;  since  the  depth  of  Behring^s  Strait,  as 
well  as  its  breadth,  is  so  small  as  to  permit  no  body  of  Arctic  water 
to  issue  through  that  channel. 

That  such  a  general  Circulation  (modified,  of  course,  by  local 
conditions)  is  a  physical  necessity,  must  be  obvious  to  every  one 
who  scientifically  considers  the  results  that  mast  happen  whenever 
an  extensive  body  of  water  is  heated  in  one  part  and  cooled  at 
another.  For  as  water  is  heated,  it  becomes  continually  lighter, 
and  tends  to  spread  itself  over  the  surface ;  whilst,  as  it  is  cooled, 
it  becomes  continually  heavier,t  and  tends  to  spread  itself  over  the 
bottom.  It  is  on  this  principle  that  the  hot- water  apparatus  for 
warming  the  interior  of  our  buildings  is  constructed.  The  water 
heated  in  the  boiler  passes  out  from  its  upper  part,  and,  in  virtue 
of  its  comparative  lightness,  rises  through  the  system  of  pipes  which 
ascends  from  it ;  but  when  cooled  by  its  circulation  through  these, 
in  the  course  of  which  its  heat  is  imparted  to  the  air  of  the  building, 
it  becomes  heavier,  and  gravitates  back  through  the  descending 
portion  of  the  system,  to  the  lower  part  of  the  boiler,  to  renew  the 
same  circulation  when  again  heated. — But  the  great  oceanic  circu- 
lation may  be*  more  nearly  imitated  by  a  simple  experiment,  which 
renders  the  movement  of  the  water  perceptible  to  the  eye. J  A 
long,  but  very  narrow  trough,  with  plate-glass  sides,  having  been 
filled  with  water,  a  tube  into  which  a  steam -jet  is  conveyed  is 
introduced  *  vertically  at  one  end,  whilst  a  lump  of  ice  is 
wedged  between  the  sides  of  the  trough  at  its  opposite  extremity. 


•  «  Physical  Geography  of  the  Sea,"  §§  748,  750. 


t  Sea-water,  as  was  long  aince  ascertained  by  Despretz,  continues  to  contract  uni- 
formly until  it  freezes ;  its  freezing  point  being  about  27*4°  when  it  is  agitated,  and 
about  25*4'*  if  it  be  kept  perfectly  still.  It  is  probable  that  under  great  pressure  its 
freezing-point  is  reduced  even  below  the  latter  standard ;  but  of  the  amount  of  this 
reduction  we  have  at  present  no  certain  knowledge. 

'X  This  experiment,  kindly  arranged  by  Dr.  Odling,  was  exhibited  at  a  Lecture  lately 
delirered  by  the  writer  at  the  Boyal  Institution. 
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Some  red  colouring  matter  mixed  witli  gum,  of  sucli  viscidity 
as  to  be  carried  along  by  any  movement  of  the  liquid  mass  without 
mingling  with  it^  is  introduced  into,  the  water  at  the  end  of  the 
trough  warmed  by  the  steam-jet;  and  a  like  mixture  of  a  blue 
colour  is  introduced  at  the  end  cooled  by  the  ice.  The  latter  very 
speedily  sinks  to  the  bottom  along  the  side  of  the  ice-wedge^  and 
then  creeps  slowly  along  the  floor  of  the  trough  towards  its  warm 
end^  where  it  rises  along  the  side  of  the  heated  tube  until  it  reaches 
the  surface^  and  then  slowly  flows  back  towards  the  cold  extremity. 
On  the  other  hand^  the  red  liquid  passed  slowly  along  the  surface  in 
the  first  instance,  from  the  warm  to  the  cold  extremity,  then  sinks, 
as  the  blue  had  previously  done,  creeps  along  the  surface  of  the  blue 
layer  covering  the  bottom  of  the  trough,  and  then  rises  (as  the  blue 
had  previously  done)  along  the  side  of  the  heated  tube  to  the  sur- 
face. Thus  a  circulation  is  shown  to  be  maintained  in  the  water  of 
the  trough,  by  the  application  of  heat  at  one  of  its  extremities,  and 
of  cold  at  the  other ;  the  heated  waters  flowing  along  the  surface 
from  the  warm  to  the  cold  end,  and  the  cooled  water  flowing  along 
the  bottom  from  the  cold  to  the  warm  end :  just  as  it  is  here  maintained 
that  Equatorial  water  streams  on  the  surface  towards  the  Poles,  and 
that  Polar  water  returns  along  the  bottom  towards  the  Equator,  if 
the  movemen^t  be  not  interfered  with  by  interposed  obstacles,  or 
prevented  by  antagonistic  currents  arising  from  local  peculiarities. 
The  course  of  each  movement  must  be  modified,  like  the  Atmo- 
spheric circulation,  by  the  Earth's  rotation ;  and  a  vast  mass  of 
observations  must  be  made  and  compared,  before  any  general 
scheme  of  this  Oceanic  Circulation  can  be  marked  out.  But  it  may 
be  pretty  certainly  affirmed  that  no  satisfactory  rationale  can  bo 
given  of  those  surface-currents  of  which  the  knowledge  is  so  impor- 
tant to  the  Navigator,  unless  the  deep  movements  of  the  ocean- 
waters,  which  are  complementary  to  them,  can  be  determined. 
And  this  determination,  it  has  now  been  shown,  may  be  made  with 
considerable  probability,  if  not  with  absolute  certainty,  by  systematic 
series  of  Temperature-soundings. 

Thus,  notwithstanding  the  apparently  profound  stillness  of  the 
abyssal  depths  of  the  Ocean,  which  ever  remain  undisturbed  by  the 
storms  that  agitate  its  surface,  an  incessant  movement  is  everywhere 
taking  place  in  them,  which  exerts  a  most  important  moderating 
influence  on  what  would  otherwise  be  the  intolerable  heat  of  the 
Equatorial  and  the  unbearable  cold  of  the  Polar  regions,  and  thus 
afiects  the  distribution  of  Animal  and  Vegetable  life,  alike  on  land, 
in  the  surface-waters  of  the  sea,  and  on  the  bed  of  the  ocean. 
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In  TOg»rd  to  the  conupodtion  of  sea^VHxkrs,  some  new  &cts  hanro 
been  asoertained  by  the  researches  made  daring  the  ''  Porcupine  " 
Bzpedition^  which  will  foe  hereafter  shown  to  have  a  most  important 
bearing  on  the  question  how  Animal  life  can  be  sustained  at  depths 
far  greater  than  those  to  which  Vegetable  life  is  limited.  Daring 
each  cruiee  of  the  ^'  Porcupine^'*  samples  of  sea- water  obtained  from 
various  depths^  as  well  as  from  the  surface^  at  stations  far  removed 
from  land^  were  submitted  to  the  Permanganate  test^  after  the 
metiiod  of  Prof.  W.  A.  Miller^  with  an  addition  suggested  by 
Dr.  Angus  Smith  for  the  purpose  of  distinguishiug  the  Organic 
matter  in  a  state  of  decomposition  from  that  which  is  only  decompo-- 
saile  ;  with  the  result  of  showing  the  uniform  presence  of  an  appre- 
ciable quantity  of  matter  of  the  latter  kind^  which^  not  having 
passed  into  a  state  of  decomposition^  may  be  assimilable  as  food  by 
animals^ — ^being^  in  fact^  Protoplasm  in  a  state  of  extreme  dilution. 
And  the  careful  analyses  of  larger  quantities  collected  during  the 
third  cruise^  which  have  been  since  made  by  Dr.  Frankland^  have 
ftdly  confirmed  these  results^  by  demonstrating  the  highly  azoHzed 
character  of  this  Organic  matter^  which  presents  itself  in  samples 
of  aea- water  taken  up  at  from  500  to  750  fathoms^  depths  and  at  some 
hundred  miles  distance  from  land^  in  such  a  proportion  that  its 
universal  diffusion  through  the  Oceanic  waters  may  be  safely 
predicated. 

The  sources  of  this  Organic  matter  must  lie  in  the  Burface^Ufe  of 
Plants  and  Animals^  especially  in  the  neighbourhood  of  land ;  every 
shore — ^as  a  rule — being  bordered  with  a  fringe,  which  averages  a 
mile  in  depths  of  olive  and  red  sea-weed^  thickly  infested  with 
animals  of  various  kinds ;  and  every  river  also  bringing  down  its 
contribution.  The  surface  of  every  marine  plant  and  animal  is 
constantly  imparting  to  the  water  in  which  it  lives  a  mucous  exuda- 
tion^ as  is  obvious  to  every  one  who  keeps  an  aquarium ;  and  thus 
the  amount  poured  into  the  ocean  by  that  great  marine  meadow^  the 
Sargasso  Sea^  which  extends  over  three  millions  of  square  miles 
in  the  middle  of  the  Atlantic^  must  be  enormous.  The  organic 
matter  thus  locally  imparted  to  the  ocean-waters  will  be  universally 
distributed  to  all  regions  and  all  depths^  partly  by  the  oceanic 
circulation  just  described^  and  partly  by  the  process  of  '^  liquid  diffu- 
sion/^ so  admirably  investigated  by  the  late  Professor  Graham.  It 
must  be  continually  passing  into  decomposition,  especially  where 
the  temperature  of  the  sea-water  is  elevated ;  but  it  will  be  as  con- 
tinually renewed  from  the  sources  just  indicated. 

The  analysis  of  tihe  Gases  obtained  by  boiling  samples  of  sea- 
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irater^  collected  from  the  sarface  and  fromTarious  depths  beneath  it, 
has  afforded  some  most  unexpected  results.  The  general  average  of 
thirty  analyses  of  surfoLce-weAeT  gives  the  following  as  the  percent- 
age proportions: — ^25' 1  Oxygen^  54'2  Nitrogen^  20*7  Carbonic  acid. 
This  proportion,  however,  waA  subject  to  great  variations,  as  will  be 
presently  shown.  As  a  general  rale,  the  proportion  of  Oxygen  was 
found  to  diminish,  and  that  of  Carbonic  acid  to  increase,  with  the 
depth :  the  results  of  analyses  of  intermediate  waters  giving  a  per- 
centage of  22'0  Oxygen,  52*8  Nitrogen,  and  26*2  Carbonic  acid; 
whilst  the  results  of  analyses  of  bo^^om-waters  gave  19*5  Oxygen, 
52*6  Nitrogen,  and  27*9  Carbonic  acid.  But  iottom-water  at  a  com- 
paratively small  depth  often  contained  as  much  Carbonic  acid  and  as 
little  Oxygen  as  intermediate  water  at  much  greater  depths ;  .and 
the  proportion  of  Carbonic  acid  to  Oxygen  in  bottom-wsAer  was 
found  to  bear  a  much  closer  relation  to  the  abundance  of  animal  life 
(especially  of  the  more  elevated  types),  as  shown  by  the  dredge,  than 
to  its  depth.  This  was  very  strikingly  shown  in  an  instance  in 
which  analyses  were  made  of  the  gases  contained  in  samples  of 
water  collected  at  every  50  fathoms,  from  400  fathoms,  to  the  bottom 
at  862  fathoms,  the  percentage  results  being  as  follows  :^ 

750  fath. 

Oxygen     ....     . .     18-8  . .  . . 

Nitrogen i9*3  ..  .. 

Carbonio  Add  . .     . .    31 '9  . .  . . 

The  extraordinarily  augmented  percentage  of  Carbonic  acid  in 
the  stratum  of  water  here'  immediately  overlying  the  sea-bed,  was 
accompanied  by  a  great  abundance  of  Animal  life.  On  the  other 
hand,  the  lowest  percentage  of  Carbonic  acid  found  in  botbom-water 
— viz.,  7*9 — was  accompanied  by  a  ^^  very  bad  haul.^^  In  several 
cases  in  which  the  depths  were  nearly  the  same,  the  analyst  ven- 
tured a  prediction  as  to  the  abundance,  or  otherwise,  of  Animal  life, 
from  the  proportion  of.  Carbonic  acid  in  the  bottom-water;  and  his 
prediction  proved  in  every  instance  correct. 

It  would  appear,  therefore,  that  the  increase  in  the  proportion 
of  Carbonic  acid,  and  the  diminution  in  that  of  the  Oxygen,  in  the 
abyssal  waters  of  the  ocean,  is  due  to  the  respiratory  process,  which 
is  no  less  a  necessary  condition  of  the  existence  of  animal  life  on 
the  sea-bed,  than  is  the  presence  of  food-material  for  its  sustenance. 
And  it  is  further  obvious  that  the  continued  consumption  of  Oxygen 
and  liberation  of  Carbonic  acid  would  soon  render  the  stratum  of 
water  immediately  above  the  bottom  completely  irrespirable — ^in  the 
absence  of  any  antagonistic  process  of  vegetation — were  it  not  for 


800  fath. 

Bottom,  862  fsih. 

17-8 

.     . .        17-2 

48-5 

,.      ..         34-5 

33-7 

.     ..         48-3    - 
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the  upward  diffusion  of  the  Carbonic  acid  through  the  intermediate 
waters  to  the  surface,  and  the  downward  diifiision  of  Oxygen  from 
the  surface  to  the  depths  below.  A  continual  interchange  will  take 
place  at  \hQ  surface  between  the  gases  of  the  Sea- water  and  those 
of  the  Atmosphere ;  and  thus  the  respiration  of  the  abyssal  fauna  is 
provided  for  by  a  process  of  diffusion^  which  may  have  to  operate 
through  three  miles  or  more  of  intervening  water. 

The  Tarying  proportions  of  Carbonic  acid  and  Oxygen  in  the 
«iir/itce-waters  are,  doubtlesjs,  to  be  accounted  for  in  part  by  the 
difierences  in  the  amount  and  character  of  the  animal  life  existing 
beneath ;  but  a  comparison  of  the  results  of  the  analyses  made 
during  the  agitation  of  the  surface  by  wind,  with  those  made  in 
calm  weather,  showed  so  decided  a  reduction  in  the  proportion  of 
carbonic  add,  with  an  increase  in  that  of  oxygen,  under  the  former 
condition,  as  almost  unequivocally  to  indicate  that  superficial  dis- 
turbance of  the  sea  by  atmospheric  movement  is  absolutely  neces- 
sary for  its  purification  fronx  the  noxious  effects  of  animal  decom- 
position. Of  this  view  a  most  unexpected  and  remarkable  con- 
firmation has  been  afforded  by  the  following  circumstance : — In  one 
of  the  analyses  of  Surface-water  made  during  the  second  Cruise,  the 
percentage  of  carbonic  acid  fell  as  low  as  3*3,  while  that  of  Oxygen 
rose  as  high  as  37*1 ;  and,  in  a  like  analysis  made  during  the  third 
Cruise,  the  percentage  of  Carbonic  acid  was  5'6,  while  that  of  Oxygen 
was  45*3.  As  the  results  of  every  other  analysis  of  surface-water 
were  in  marked  contrast  to  these,  it  became  a  question  whether 
they  should  not  be  thrown  out  as  erroneous ;  until  it  was  recollected 
that,  whilst  the  samples  of  surface-water  had  been  generally  taken 
up  from  the  how  of  the  vessel,  they  had  been  drawn  in  these  two 
instances  from  abaft  the  paddles,  and  had  thus  been  subjected  to 
such  a  violent  agitation  in  contact  with  the  atmospere  as  would  pre- 
eminently favour  their  thorough  aeration. 

Hence,  then,  it  may  be  affirmed  that  every  disturbance  of  the 
Ocean-surface  by  Atmospheric  movement,  from  the  gentlest  ripple 
to  the  most  tremendous  storm- wave,  contributes,  in  proportion  to 
its  amount,  to  the  maintenance  of  Animal  life  in  its  abyssal  depths 
— doing,  in  fact,  for  the  aeration  of  the  fluids  of  their  inhabitants, 
just  what  is  done  by  the  heaving  and  falling  of  the  walls  of  our  own 
chest  for  the  aeration  of  the  blood  which  courses  through  our  lungs. 
A  perpetual  calm  would  be  as  fatal  to  their  continued  existence,  as 
the  forcible  stoppage  of  all  respiratory  movement  would  be  to  our 
own.  And  thus  universal  stagnation  would  become  xmiversal 
death. 
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In  proportion  as  the  old  faith  in  witchcraft  and  magic  died  away^ 
social  superstitions  took  a  new  form.  Both  witches  and  bewitched 
became  fewer  in  nnmber :  the  latter  being  for  the  most  part  women, 
who,  instead  of  suffering  at  the  stake  as  in  times  of  yore,  were 
pitied  and  regarded  as  involuntary  victims  of  the  devils  who  had 
taken  possession  of  thqir  bodies.  We  hear  no  more  of  the  witches* 
sabbath,  of  metamorphoses  into  cats  and  frogs,  of  the  evil  eye  that 
withered  aU  it  fell  upon.  The  case  of  jLouis  Gaufridi,  a  priest  of  Mar- 
seilles, may  be  regarded  as  the  point  of  transition  between  the  two  con- 
tagions. The  Ursuline  nuDS  of  Aiz  fancied  they  were  possessed  by 
devils,  and  accused  the  unhappy  man  of  not  only  causing  their  demon- 
opathy,  but  of  having  committed  crimes  that  none  but  maniacs  could 
have  invented.  Accusations  of  such  a  nature  could  have  but  one 
termination  in  the  early  part  of  the  seventeenth  century,  and  Gau- 
fridi's  own  confession  having  removed  whatever  scruples  the  judges 
might  have  felt,  he  was  burnt  alive  at  Aix  in  1611. 

The  story  of  his  trial  and  execution  spread  through  France  and 
reached  a  convent  at  Loudon  in  Poitou,  also  occupied  by  nuns  of  the 
UrsuUne  order,  who  caught  the  superstitious  contagion.  Their 
supposed  possession  would  have  excited  little  or  no  interest, 
but  for  the  charge  brought  against  Urbain  Grandier  of  demo- 
nising  them  by  means  of  a  compact  entered  into  with  Satan. 
Grandier  was  incumbent  of  St.  Peter's  at  Loudon,  and  a  prebendary 
of  the  Holy  Cross ;  a  good  preacher,  a  man  of  the  world,  handsome, 
and  engaging  in  manners,  but  unfortunate  in  raising  up  many 
enemies.  As  he  had  never  entered  the  Ursuline  convent,  or  had 
any  communication  with  its  inmates,  it  is  curious  that  the  holy 
sisters  should  have  accused  him ;  but  their  superior  was  intimate 
with  his  enemies,  and  his  reputation  (good  or  evil)  for  gallantry  as 
well  as  for  eloquence  had  penetrated  the  walls  of  the  cloister. 

The  exorcists  were  soon  hard  at  work  to  expel  the  devil,  but  his 
name  was  legion,  one  sister  naming  seven  who  had  taken  possession 
of  her,  and  they  did  not  easily  leave  their  pleasant  quarters,  for  if  v 
they  were  turned  out  one  day  they  returned  the  next.  One  morning 
a  cat  came  down  the  chimney ;  it  was  declared  to  be  the  devil  that 
had  been  expelled  from  the  body  of  the  superior.  Poor  puss  was 
hunted,  caught,  and  placed  on  the  superior's  bed,  where  an  exorcist 
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made  the  sign  of  the  cross  over  the  beast^  and  gravely  poured  out 
a  torrent  of  solemn  adjuratiojis.  At  last  somebody  found  out  that 
it  was  only  the  convent  cat  I 

If  the  devils  of  Loudon  were  stupid  creatures^  the  monks  and 
exorcists  were  stupider  still.  The  townspeople,  owing,  perhaps,  to 
the  leaven  of  Protestantism  with  whioh  they  wei*e  tainted,  petitioned 
the  bishop  of  the  diocese,  the  parliament  of  P^iris,  and  the  crown, 
for  a  fair  and  open  investigation ;  but  Bichelieu,  who  had  a  grudge 
against  Grandier,  and  who  caught  at  this  opportunity  of  paying  off 
an  old  score,  was  too  strong  for  them.  Had  it  not  been  for  this 
private  animosity,  and  the  hatred  felt  by  the  priests  at  the  indepen- 
dent spirit  of  the  accused  man,  thia  case  must  have  broken  down 
under  its  many  absurdities.  On  two  occasions  the  devils  were  re- 
quired to  say  where  Urbain  Grandier  was  at  that  particular  moment, 
and  on  both  occasions  (as  might  have  been  expected)  the  devils 
were  wrong.  Another  time  the  superior  was  asked,  why  she  had  not 
answered  on  a  previous  day,  ^^  Because  (replied  the  sarcastic 
devil,  who  spoke  for  ker)  I  was  busy  taking  the  soul  of  lawyer 
Le  Proust  to  hell.'^  It  turned  out,  on  inquiry,  that  there  was 
no  lawyer  of  that  name,  which  was  a  great  mistake,  considering 
there  were  so  many  rascally  lawyers  in  those  days  to  choose  from. 
Asmodeus,  who  seems  to  have  taken  up  his  residence  in  her 
body,  promised  to  raise  it  two  feet  from  the  ground;  Eazas, 
another  devil,  boasted  that  he  would  perform  the  same  feat  with  the 
body  of  La  Nogeret,  another  sister;  and  Cerberus,  not  to  be  out- 
done, declared  he  would  lift  his  nun  four  feet  into  the  air.  They 
were  called  upon  to  fulfil  their  promises,  and  the  superior  rose  up 
high  enough  to  satisfy  the  imagination  of  the  most  credulous, 
when  a  sceptic,  venturing  to  lift  the  edge  of  her  dress,  showed  one 
of  her  feet  resting  on  the  ground.  After  this,  the  other  two  devils 
refused  to  keep  their  promise.  Beherit  undertook  to  make  amends 
for  this  failure  by  taking  the  calotte  off  the  head  of  Laubardemont, 
the  chief  commissioner,  and  keeping  it  suspended  in  the  air  during 
a  miserere.  But  two  graceless,  unbelieving  spectators,  suspecting  a 
trick,  went  up  to  the  roof  of  the  church  and  there  found  a  knavish 
confederate  with  a  fish-hook  fastened  to  the  end  of  a  horse-hair 
line,  which  was  to  be  let  down  through  a  hole  above  the  choir. 

But  nothing  discouraged  the  stupid  exorcists,  the  chief  of 
whom.  Father  Lactantius,  announced  that  three  out  of  the  seven 
devils  who  had  taken  up  their  abode  in  the  superior's  body,  would 
leave  it  on  the  20th  May,  and  would  testify  their  departure  by  three 
wounds  on  her  left  side,  and  three  corresponding  rents  in  her 
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cbemise^  petticoat^  and  dress.  After  the  nsital  conjurations,  the 
devils  departed,  but  the  doctors,  who  were  present  as  a  sort  of  jury, 
could  find  only  three  slight  scratches  (as  of  a  finger  nail),  while  the 
dress  was  torn  in  two  places,  and  the  chemise  and  petticoat  not  at 
all  I  The  next  day,  Balaam,  one  of  the  four  left  behind,  said  that 
this  had  been  done  in  order  to  harden  the  hearts  of  the  un- 
believers ! 

It  had  been  affirmed  that  sii:  strong  men  could  not  restrain  the 
movements  of  the  possessed  superior;  but  when  a  sceptical  doctor, 
named  Duncan,  came  forward  to  test  this  strange  exhibition  of 
muscular  power,  the  woman  eould  do  nothing,  in  spite  of  the  orders 
of  the  exorcist.  '^  Let  go  her  arm,'^  shouted  Lactantius,  '^  how  can 
she  have  convulsions  while  you  hold  her.''  "  If  he  is  a  devil,  he 
ought  to  be  stronger  than  I  am/'  "  Fine  logic !  a  disembodied 
devil  is  stronger  than  you ;  but  beiug  in  the  nun's  weak  frame,  he 
cannot  resist  you,  for  his  actions  are  proportionate  to  the  strength  of 
the  body  in  which  he  is  domiciled." 

In  the  ceremonies  practised  to  expel  the  unclean  spirits  every- 
thing was  arranged  to  produce  a  strong  dramatic  e&ct.  The 
possessed  person  was  taken  into  the  choir,  and  placed  upon  a  couch. 
Mass  was  sung^  holy  water  sprinkled  about  in  abundance,  the  air 
was  filled  with  the  heavy  perfume  of  incense,  and  then^  the  curtain 
being  drawn  aside  which  separated  the  choir  from  the  crowded  nave, 
the  exorcists  began  their  holy  work.  The  devil  was  called  upon  to 
tell  his  name^  to  say  whose  agent  he  was,  and  to  answer  any  other 
questions  that  the  priest  might  choose  to  set  him.  This  service 
was  in  Latin,  the  language  of  the  Roman  Churchy  and  the  replies 
were  made  in  the  same  language^  though  very  often  in  exceedingly 
bad  grammar.  Though  the  devil  was  properly  supposed  to  under- 
stand all  tongues,  this  was  only  an  ecclesiastical  theory,  for  he 
generally  broke  down  when  the  exorcist  or  any  of  the  people  about 
put  any  question  that  was  not  to  be  found  in  the  ritual.  In  Grandier's 
case  it  was  proposed  to  interrogate  tihie  devils  in  Greek,  when  the 
patient  replied :  "  You  know  it  was  one  of  the  conditions  of  our  pcLct 
that  I  should  not  answer  in  Greek."  These  pacts  were  not  the 
lawyer-like  parchment  documents  which  men  like  Faust  and  others 
signed  with  their  blood  when  they  sold  themselves  to  the  devil.  At 
Loudon,  one  of  these  pacts  was  described  as  a  bunch  of  roses  thrown 
over  the  wall  into  the  convent  garden ;  another  was  a  sort  of  bolua 
made  of  the  '^  heart  of  an  infant,  killed  at  a  witches'  sabbath,  the 
ashes  of  a  burnt  consecrated  wafer,  blood,  and  other  substances  still 
filthier."     One    of   this    nature    wa«  vomited  up   by  Leviathan* 
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Asmodeus  was  satisfied  with  a  simpler  mixture  of  orange  and  lemon 
pips.  When  these  were  burnt,  the  patients  were  thrown  into  terrible 
convulsions ;  uttering  the  most  piercing  screams,  they  tossed  and 
threw  themselves  about    in  such   distortions    as    to    horrify    the 
spectators.     Bedlam  broke  loose  would  give  but  a  feeble  notion 
of  what  occasionally  took  place  in  the  Ursuline  convent.     The  end 
of  the  matter  was  the  condenmation  of  Grandier,  who  after  suf- 
fering  the  torture  of    ''the  boot,"  was  burnt  alive  on  the  18th 
August,  1634,  only  one  year  before  the  foundation  of  the  celebrated 
French  Academy.       The  diaboUcal    carnival   did  not  cease  with 
Ghrandier's  death,  but  continued  for  several  years  after,  until  the 
withdrawal  of  certain  pecuniary  allowances  made  exorcism  a  losing 
trade. 

It  is  curious  to  trace  the  history  of   some  of  Urbain   Gran- 
dier's  persecutors.      Father  Lactantius,   a   Capuchin   monk,   who 
kindled  the  fire,  died  on  the  18th  September,  ''a  prey  to  the  evil 
spirits  whom  he  had  expelled  from  the  body  of  the  superior."     The 
superstitious  remembered  how  with  almost  his  last  breath,  Grandier 
had  summoned  him  to  appear  before  God  within  a  month.     Another 
Capuchin,  Father  Tranquillus,  of  Saint  Bemi,  died  with  all  the  signs 
of  diabolical  possession.     Mannouri,  a  surgeon,  who  had  examined 
TJrbain's  body  in  search  of  ''  devil's  marks,''  which,  of  course,  he 
found,  was  haunted  day  and  night  by  his  victim,  and  died  of  the 
terror  caused  by  such  an  unpleasant  visitation.      Surin,  another 
exorcist,  became  in  his  turn  "  possessed  of  devils,"  and  continued 
so  for  twenty  years.     Many  of  the  witnesses  against  Grandier  came 
to  a  miserable  end.     It  would  offend  the  common  sense  of  the 
present  day  to  call  these  results  ''  a  divine  judgment ;"  the  power 
of  a  disordered  imagination  is  quite  sufficient  to  account^for  them, 
even  if  we  accept  the  stories  as  literally  true. 

Some  curious  psychological  facts  turned  up  during  the  Loudon 
case.  Three  women  of  good  repute  came  forward  and  swore  that 
by  a  mere  glance  of  the  eye,  or  a  touch  of  his  hand,  Grandier  had 
filled  them  with  a  strong  amorous  passion  for  him.  Fourteen  nuns 
swore  that  they  had  seen  him  day  and  night  in  the  convent,  and 
that  he  had  solicited  them  improperly.  Two  even  made  statements 
that  we  dare  not  copy.  Such  confessions  were  regarded  by  the 
exorcists  as  indisputable  evidence  of  sorcery ;  but  men  of  science 
now-a-days  know  well  how  to  account  for  these  sensual  hallucinations. 
Though  fortunately  rare^  they  are  numerous  enough  to  find  a  place 
in  medical  works  j  while  they  throw  a  curious  light  upon  certain 
recent  proceedings  in  the  Divorce  Court. 
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Another  curioas  circamstance  was  noted  in  tlie  course  of  the 
Loudon  investigations^  which  was  considered  an  additional  proof  of 
demoniacal  possession.  The  patient  sometimes  lost  all  voluntary 
power  over  her  limbs^  and  could  only  move  them  as  the  exorcist 
directed.  And  further  than  this^  the  demoniac  is  said  to  have  had 
the  power  of  divining  the  thoughts  of  others.  Three  days  after 
Grandier^s  execution^  Elizabeth  Blanchard^  a  lay  sister  of  the 
Ursulines*  convent,  was  grievously  tormented  by  one  of  her  six 
devils,  and  by  way  of  testing  the  power  of  the  evil  spirit  two  monks 
standing  some  distance  from  the  demoniac,  agreed  in  whispers  as 
to  a  certain  movement  which  she  should  execute  during  an  act  of 
adoration  commanded  by  the  exorcist.  She  made  the  movement, 
which  clearly  showed  that  the  demons  knew  what  ,took  place  in 
secret !  In  May,  1635,  and  in  the  presence  of  Gaston  of  Orleans, 
brother  of  Louis  XIII.,  the  same  woman  was  exorcised  by  a 
Capuchin  monk,  and  there  was  a  similar  manifestation  of  this 
thought-reading  power.  At  the  same  seance  the  exorcist  '^be- 
numbed the  demioniac  and  rendered  her  pliable  as  a  slip  of  lead'' 
{laTTie  deplomb).  He  bent  her  body  backwards  and  forwards,  then 
from  side  to  side,  until  her  head  almost  touched  the  floor,  and  she 
kept  in  this  posture  until  it  was  changed  for  her.  There  will  be 
nothing  strange  in  this  to  persons  who  have  witnessed  similar 
manifestations  by  patients  in  the  mesmeric  state.  The  exorcists 
may  have  been  the  unconscious  possessors  of  mesmeric  power.  In 
the  presence  of  Gaston,  the  exorcist  said  to  Elizabeth  Blanchard, 
"  Obedias  ad  mentem  principis,"  She  went  and  kissed  the  hand  of 
the  prince,  who  declared  that  she  had  correctly  interpreted  his 
thoughts.  On  the  same  occasion,  another  nun  was  (mentally) 
ordered  to  go  into  the  garden  and  bring  back  five  rose  leaves. 
Twice  she  disobeyed  the  order,  but  the  third  time  {sub  poena  male- 
dictionis)  she  came  back  with  a  branch  from  which  she  had  plucked 
all  the  leaves  beyond  the  number  required.  As  we  glance  over  this 
brief  history  of  the  Loudon  tragedy  we  come  to  the  conclusion  of 
the  doctor  in  the  case  of  Martha  Brossier  (1599) :  '^  Multa  ficta, 
pauca  a  morbo,  nihil  a  spiritu.''  He  was  farther  advanced  than 
his  brethren  of  the  faculty  of  Montpellier,  who  accepted  the  pheno- 
mena of  possession  as  readily  as  the  lawyers,  monks,  and  clergy. 

In  the  history  of  the  Convulsionists  of  St.  M^dard,  we  meet  with 
a  repetition  of  nearly  all  the  phenomena  of  the  nuns  of  Loudon ; 
but  the  contortions  in  the  one  case  were  ascribed  to  the  devil,  in 
the  other  to  a  holy  saint.  The  scene  of  the  later  superstition  was 
a  cemetery  in  Paris,  where  a  crazy  fanatio,  Fran9ois  de  PHris,  had 
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been  bmied.  Fran^ois^  even  when  a  boy^  bad  shown  a  strong 
disposition  for  the  ecclesiastical  life^  and  at  twenty-one  be  entered 
a  Jansenist  monasteiy.  At  tbe  age  of  twenty-eight  he  was 
made  a  snb-deacon,  and  then  began  a  course  of  life  that  wonld 
be  Indicrons^  if  it  were  not  for  the  manifest  sincerity  of  the 
nuin.  He  fasted  and  scourged  hinwelf,  dressed  in  sackcloth^  lived 
in  a  hnt  as  foul  as  a  pigsty,  rarely  washed,  wore  shoes  that  beggars 
rejected,  and  went  half  naked.  In  fact  there  was  no  mortification 
that  he  did  not  practice*  He  died  in  May,  1727,  at  the  age  of 
thirty-seven,  a  religions  monomaniac,  and  was  buried  in  the  church- 
yard of  St.  M^dard  in  Paris,  when  the  miracles  began  almost 
immediately.  An  old-clothes  man  had  long  suffered  from  ulcers  in 
his  leg,  which  the  mediciners  of  that  day  could  not  cure.  At  last 
a  worthy  button-maker  advised  him  to  go  to  the  deacon^s  grave. 
He  crawled  thither,  paid  the  fees,  repeated  the  prayers,  and  carried 
back  a  little  piece  of  the  saint's  bedstead,  which  he  was  to  apply  to 
his  leg.     In  ten  days  he  was  able  to  walk  without  help. 

The  game  went  on  merrily  now ;  but  the  number  of  miracles 
increased  wonderfully  after  a  monument  had  been  erected  over  the 
grave  of  the  defunct  deacon.  This  monument  was  a  slab  of  black 
marble  supported  by  four  short  columns  about  a  foot  above  the 
level  of  the  soil.  A  young  woman,  age  unknown,  was  the  first  to 
test  the  curative  powers  of  this  new  arrangement.  She  was  suffer- 
ing from  paralysis,  and  her  cotifessor,  a  Jansenist,  told  her  of  the 
miraculous  cures  that  had  been  worked  at  the  deacon's  grave.  Her 
first  and  second  visit  were  ineffectual,  at  the  third  she  was  able  to 
kneel,  but  complete  recovery  (she  was  told)  depended  upon  her 
being  able  to  crawl  under  the  monument.  After  many  unsuccessful 
efforts  she  passed  her  he^ad  through  the  interval,  and  the  disorder 
lefl  her.  She  jumped  up,  made  a,  pirouette,  and  skipped  away  so 
gaily  that  the  friend  who  had  aided  her  to  reach  the  burial  ground 
coald  hardly  keep  up  with  her.  A  damsel  named  La  Lo^,  suffering 
from  a  blow  which  had  caused  her  breast  to  swell  to  a  frightful 
size,  as  also  her  shoulder  and  arm,  was  cured  by  the  application  to 
the  afflicted  part  of  a  little  bag  filled  with  wool  from  the  deacon's 
mattress  and  some  chips  of  his  bedstead.  In  four  and  twenty  hours  she 
was  thoroughly  healed.  The  Jesuits  did  not  deny  these  cures,  but 
declared  them  to  be  the  work  of  the  devil,  to  which  the  Jansenists 
replied  that  the- fact  of  the  miracles  proved  their  divine  origin  and  the 
orthodoxy  of  the  deacon.  But  as  the  latter  sect  had  been  condemned 
by  a  papal  bull,  it  would  never  do  to  let  them  defy  the  pope  with 
tliese  sapematoiBl  weapons,  and  the  civil  power  was  invoked  against 
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them.  A  Jansenist  bishop  was  deposed,  and  two  hundred  Jansenist 
doctors  of  the  Sorbonne  were  exiled.  In  other  respects  the  perse- 
cution was  equally  severe,  so  that  now  or  never  was  the  time  for 
heaven  to  interfere  to  preserve  the  good  cause.  Accordingly  the 
miracles  took  another  and  a  singular  form. 

The  first  to  inaugurate  the  new  series  of  supernatural  exploits 
was  one  Aim^e  Pivert,  a  mature  virgin  of  forty-two,  who  for  two 
years  had  been  unable  to  walk  without  crutches.  She  had  heard  of 
the  miracles  of  St.  M^dard's,  and  crawled  thither  with  great  diflS- 
culty.  Nine  days  she  repeated  her  painful  pilgrimage,  her  suffer- 
ings at  the  tomb  being  on  each  occasion  veiy  intense ;  at  the  last 
visit  she  rubbed  her  right  side  with  some  earth  from  the  grave,  and 
rose  up  quite  healed,  leaving  her  crutches  behind  her  to  testify  to 
\  the  cure.     This  was  the  first  instance  in  which  the  convulsions  were 

observed.  The  second  was  that  of  Marie  Madeleine  Bridan,  who 
was  paralyzed,  half  blind,  and  suffering  from  erysipelas  and  other 
evils.  On  the  ninth  day  she  was  seized  with  strong  convulsions, 
and  for  an  hour  and  a  half  tossed  and  tumbled  about  so  violently 
that  it  required  three  or  four  persons  to  prevent  her  falling  off  the 
marble  slab.  During  twenty-four  days  she  went  through  the  same 
trials,  which  were  repeated  with  increasing  violence  every  time  she 
drank  water  in  which  some  of  the  earth  from  the  deacon^s  grave 
had  been  placed  !  Marie  Madeleine  was  cured,  as  were  others,  by 
means  of  the  same  violent  remedy.  The  last  case  we  shall  notice  was 
that  of  Marie  Anne  Vapereau,  who  had  been  discharged  as  incur- 
able from  the  hospital  at  Orleans.  She  suffered  from  a  most  dis- 
agreeable complication  of  disorders :  swellings  in  the  legs,  hernia, 
paralysis  of  the  bladder,  a  fistula  in  the  right  eye,  caries  in  the  nose, 
and  so  on.  The  regular  number  of  days  having  elapsed,  the  spirit 
of  the  holy  man  got  hold  of  her.  Her  head  became  confused,  her 
arms  and  legs  were  convulsed;  even  in  the  street,  she  was  saved 
with  difficulty  from  falling  to  the  ground.  The  pious  women  with 
whom  she  lodged  had  a  hard  time  of  it — indoors  and  out,  in  parlour 
or  kitchen,  she  was  always  tumbling  about.  It  was  a  hard  job  to  keep 
her  out  of  the  fire.  But  relief  came  at  last,  her  maladies  disappeared, 
and  convulsionism  became  the  fashion. 

The  scenes  in  the  St.  Medard  churchyard  remind  one  of  certain 
epidemics  of  the  Middle  Ages,  particularly  of  the  dance  of  Saint 
Guy  {chorea  Saudi  Viti).  This  convulsive  action  was  described  by 
Plater,  in  1614,  as  a  ''  morbus  singularis/^  and  he  tells  how  a  woman 
affected  by  it  kept  dancing  day  and  night  continuously  for  a  month, 
only  stopping  to  change  her  worn-out  shoes,  or  when  she  fell  asleep. 
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Althougli  dancing  was  the  principal  symptom  of  this  new  disease, 
it  was  not  the  only  one ;  convulsioDs  and  maniacal  laughter  were 
not  uncommon.  There  could  be  no  doubt  of  its  source :  ^^  sine  dul/io 
a  dcemone  immissus  fuerit"  says  Sennert.  The  experimenters  of 
the  eighteenth  century  improved  upon  the  lessons  of  the  past. 
Some  fell  to  the  ground  and  tossed  about  in  epileptic  fits ;  others 
swallowed  flint  stones^  pieces  of  glass^  and  live  coals.  Women 
were  seen  walking  on  their  heads  without  the  slightest  regard  to 
decency ;  others  lay  upon  the  gpround^  calliug  upon  the  spectators 
to  beat  them  upon  the  belly  with  stout  clubs^  young  men  being 
especially  desirable  for  the  administration  of  this  '^  succour^'^  as  it 
was  technically  called.  There  seems  to  have  been  a  large  amount 
of  sexual  feeling  mixed  up  with  these  displays.  Young  women  in 
their  convulsive  state  would  pass  their  heads  between  the  legs  of 
young  men^  and  rising  up^  carry  them  about  astride  on  their 
shoulders ;  or  a  man  or  woman  would  be  seen  with  arms  and  legs 
outstretched  as  wide  as  possible^  so  as  to  form  a  cross.  (This 
manifestation  had  been  observed  among  the  nuns  of  Loudon.) 
The  whole  was  mixed  up  with  an  uproar  of  groans  and  screams, 
the  cry  of  cats,  and  sougs  not  always  decent;  while  the  Abb^ 
B^cherand  would  turn  his  daily  summersault  on  the  slab  of  the 
deacon's  tomb.  After  these  outrageous  performances  had  lasted  a 
month,  the  cemetery  was  closed  by  an  order  of  the  king,  which  a 
wit  of  the  day  immortalized  in  these  two  lines : 

De  par  le  roi  defense  k  Diea 
De  faire  miracle  en  ce  lieu. 

But  shut  out  of  one  place,  the  convulsionists  went  to  another  and 
continued  their  meetings  in  churches  and  private  houses.  Naturally 
the  manifestations  became  more  startling,  as  the  followers  of 
Deacon  P&ris  imagined  themselves  the  victims  of  state  persecution. 
Some  of  the  conversions  were  very  singular.  The  Chevalier  Folard, 
a  soldier  of  good  repute,  known  in  literature  by  his  "  Commentary 
on  Polybius,''  was  cured  in  a  few  days  of  the  infirmities  con- 
tracted during  his  military  career ;  but  the  miracle  did  not  stop 
here.  Folard  was  never  free  from  convulsions,  and  his  case  is  the 
more  singular,  as  there  can  be  no  doubt  of  his  good  faith.  After 
his  conversion  he  resigned  all  literary  pursuits,  and  passed  his  time 
in  praying,  reading  books  of  devotion,  and  attending  convulsion 
meetings.  Whenever  he  came  to  the  Magnificat,  in  the  Evening 
Service,  he  went  into  convulsions,  fell  on  the  floor,  and  there  lay 
with  outstretched  arms,  continuing  the  prayers  in  a  peculiar  singing 
manner,  weeping,  and  winding  up  by  a  babble  of  words  that  nobody 
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could  miderstaiid.  At  times  a  carious  noise  would  issue  ^om  kU 
£ar,  that  could  be  heard  in  all  parts  of  the  room.  While  his  legs 
were  hanging  over  the  arm  of  a  chair,  his  body  would  be  in  constant 
motion,  as  if  he  were  attempting  summersaults.  He  could  see 
nothing  when  he  opened  his  eyes ;  but  when  he  shut  them,  all 
was  like  bright  sunshine.  When  this  convulsive  state  passed  away, 
he  remembered  nothing  of  what  had  taken  place — another  similarity 
to  the  mesmeric  condition. 

'  Fontaine  was  another  of  these  converts.  He  was  secretaire  des 
commandements  to  Louis  XY.,  and  had  taken  the  side  of  the  court 
with  respect  to  these  manifestations ;  at  a  dinner-party,  where  the 
convulsionists  were  much  talked  of,  he  was  ''  converted,''  and  in 
the  presence  of  all  the  guests  began  to  spin  round  like  a  dervish. 
He  asked  for  a  pious  book,  one  was  handed  to  him  (it  was  a 
Jansenist  work),  and  while  turning  round,  he  began  to  read  it 
aloud.  Twice  a  day  these  convulsions  seized  him,  and  did  not  quit 
him  until  six  months  afler,  when  he  had  read  through  the  book 
given  him  at  the  dinner  party.  The  converted  Fontaine  became  a 
prophet,  and  foretold  the  second  coming  of  Elias,  the  gathering 
together  of  the  Jews,  and  the  conversion  of  the  infidels.  He  also 
became  a  great  ascetic,  on  one  occasion  abstaining  for  eighteen 
days  from  all  food  or  drink  I  This  almost  killed  him,  but  he  had 
no  sooner  recovered  from  the  effects  of  this  silly  abstinence,  than 
he  commenced  a  fast  of  forty  days,  during  which  h^  took  nothing 
but  a  little  liquid  to  allay  his  thirst. 

The  widow  Thevenet,  a  respectable  bourgeoise  of  Paris,  supplied 
another  phase  of  convulsionism.  She  was  deaf,  and  hoped  to  be 
cured  by  drinking  a  little  water  into  which  some  earth  from  the 
deacon's  tomb  had  been  sprinkled.  After  some  days  her  agitations 
began.  At  first  they  were  mere  nervous  terrors  and  tremblings. 
She  beat  herself  violently,  and  jumped  about  the  room  regardless 
of  decency.  One  day  she  sprang  off  her  bed,  leapt  so  high  as 
almost  to  touch  the  ceiling,  whirled  her  arms  about,  tossed  her 
head,  and  at  last  her  breasts,  escaping  from  the  confinement  of 
her  stays,  tournaient  d*  elleS'tnimes  et  s' entarhllaient  comme  siqueU 
qu*un  les  e&t  tordues  avec  la  main.  One  night  she  and  a  fellow  con- 
vulsionist  were  seen  dancing  stark  naked,  laughing  and  throwing 
their  night-caps  at  each  other.  Much  more  of  this  mad  shameless- 
ness  is  recorded  by  Galmeil. 

The  two  last  phases  of  convulsionism  were  the  worst :  the  suc- 
cour and  the  martyrdom,  in  both  of  which  there  seems  to  have  been 
a  total  suspension  of  physical  sensibility.     Certain  convulsionists — 
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tliey  were  nearly  always  women — finding  their  self-inflicted  blows 
not  effectual  to  give  them  relief,  called  on  the  bystanders  to  help 
them.  This  help  or  *' succour"  was  small  or  great,  as  the  case 
might  require.  Sister  Scholastica  had  denounced  both  kinds  of 
"  succour/^  but  she  was  soon  converted  from  the  error  of  her  ways, 
and  invented  a  new  kind  of  relief.  She  had  herself  hung  up  by  the 
feet  and  was  let  fall  to  the  floor  head  downwards,  as  if  she  were  a 
paviour's  beetle.  It  is  to  be  hoped  that  she  was  cured  of  her 
leprosy  and  abscess.  Another  woman,  whose  body  was  bent  like  a 
bow,  and  supported  by  a  stick  placed  under  her  loins,  called  out 
for  Biscuit.  This  was  not  the  article  made  by  bakers,  but  a  stone 
weighing  fifty  pounds,  raised  by  a  rope  and  pulley  to  the  ceiling, 
and  let  fall  upon  her  stomach.  She  seems  to  have  felt  no  pain,  but 
kept  crying  out,  stronger,  stronger.  Another  girl,  whose  swollen 
muscles  could  not  be  relieved  by  the  'Hittle  succour,"  was  *'  charit- 
ably" beaten  with  stout  oaken  clubs,  seven  or  eight  inches  in  cir- 
cumference at  one  end,  the  "  succouring  brothers"  raising  the  clubs 
above  their  heads  at  each  blow,  and  coming  down  on  the  patient 
with  all  their  might.  One  is  involuntarily  reminded  of  Jack  the 
giant-killer,  who  was  only  '^  tickled"  by  the  blows  of  the  Welsh 
giant's  club  on  his  bed;  but  then  Jack  had  wisely  substituted  a 
log  of  wood  for  his  own  body.  Another  female  convulsionist  was 
beaten  on  the  head  with  four  clubs,  then  pulled  by  the  arms  and 
legs  as  if  she  was  to  bo  torn  asunder.  Three  men  mounted  on  her 
shoulders,  she  was  hung  up  by  the  feet,  and  trampled  under  foot 
by  fifteen  persons  at  once.  Jane  Maulet  was  still  more  terribly 
mauled.  She  was  beaten  with  a  rough  bar  of  iron  weighing  thirty 
pounds — not  on  the  abdomen  but  on  the  pit  of  the  stomach.  The 
succourer  struck  her  so  violently  that  he  shook  the  wall  at  her  back. 
Far  from  suffering  pain,  she  found  the  beating  so  pleasant  that  she 
wanted  more :  '*  Oh  que  cela  est  bon !  oh  que  cela  fait  du  bien ! 
courage,  mon  frere,  redoublez  encore  de  force,  si  vous  pouvez !" 
She  received  one  hundred  and  sixty  blows,  and  the  "  brother"  who 
inflicted  sixty  of  them,  gives  us  some  idea  of  their  force,  by  telling 
us  that  with  twenty-five  similar  blows  he  broke  a  hole  through  the 
wall. 

These  curious  scenes  lasted  for  ten  years,  from  1731  to  1741, 
and  were  revived  after  a  lapse  of  eighteen  years,  when  crucifixion 
became  the  fashion  among  these  fanatics.  At  one  of  the  stances  in 
1759,  the  famous  La  Condamine  was  present;  he  saw  a  patient 
who  had  been  crucified  twice  before,  suffer  her  hands  and  feet  to 
be  fastened  to  a  cross  with  nails  three  inches  long!     Such  self- 
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tortares  merely  help  to  show  how  mach  pain  the  human  form  can 
bear  without  wincing.  But  insensibility  to  pain  is  no  new  pheno- 
menon :  Hindoos  and  maniacs^  North  American  Indians  and  .mes- 
merised patients^  soldiers^  sailors^  anybody  under  strong  excitement 
can  bear  torture  from  wounds  that  in  other  circumstances  would 
be  almost  unendurable.  And  there  is  no  excitement  so  absorbing 
as  that  caused  by  religious  fanaticism. 

The  explanation  of  the  phenomena  described  above  has  becomo 
easy  since  the  world  has  lost  its  belief  in  demonopathy — taking  that 
word  in  its  broad  sense  as  expressing  the  influence  of  supernatural 
powers  on  mankind.  In  times  of  ignorance  men  saw  the  finger  of 
a  saint  or  of  a  devil  in  every  phenomenon  at  all  out  of  the  common 
order  of  things.  Just  as  in  the  east  at  the  present  time  lunatics 
are  regarded  as  inspired  by  Allah^  so  in  Earope  until  these  hundred 
years  (if  not  later)  the  ravings  of  hysteria  and  the  contortions  of 
epilepsy  were  ascribed  with  equal  truth  to  demoniacal  influence.  If  we 
reject  from  the  stories  of  the  Ursulines  of  Loudon  and  the  convul- 
sionists  of  Paris  much  that  is  evidently  mere  trickery  and  fraud — 
if  we  make  due  allowance  for  the  exaggeration  of  eye-witnesses 
prejudiced  in  favour  of  supernaturalism — we  arrive  at  a  small  resi- 
duum of  phenomena  capable  of  a  very  simple  explanation.  There 
is  indeed  nothing  in  the  Loudon  '^  possession'^  that  cannot  be  para- 
lelled  in  the  cases  recorded  in  medical  works  of  persons  suffering 
from  hallucinations  of  various  kinds  produced  by  that  multiform 
disease  hysteria^  or  by  indigestion^  or  by  that  singular  nervous  state 
which  may  be  denominated  *'  sympathy .''  Some  striking  cases  of 
this  nature  are  mentioned  in  the  twelfth  volume  of  the  ^^  M^moires  of 
the  French  Academy  of  Medicine^'  for  1846.  Those  who  remember 
the  manifestations  of  the  ''  unknown  tongues*^  some  forty  years 
ago,  will  recognize  the  similarity  (in  degree)  with  some  of  the  scenes 
in  the  Loudon  convent.  What  began  in  fraud  was  propagated  by 
sympathy  by  young  women  who  were  themselves  deceived.  The 
convulsions  of  St.  M^dard  originated  in  a  strong  unregulated  ima- 
gination. We  know  that  imagination  can  cause  diseases  as  well  as 
cure  them.  We  know  that  the  dance  of  St.  Guy  (or  St.  Vitus)  was 
contagious^  just  as  fear  is.  If  a  panic  will  make  the  bravest  soldiers 
take  to  their  heels,  it  is  not  surprising  that  a  crowd  of  young  women 
should  be  thrown  into  convulsions  at  the  sight  of  the  contortions  of 
one  of  their  number,  and  at  the  noise  of  her  screams.  There  is 
nothing  strange  in  all  this,  until  the  priest  comes  forward  and  tells 
us  that  the  phenomena  are  the  work  of  the  devil  or  of  some  dirty 
Jansenist  saint.     The   ^^ succour'^  of   the    convulsionists  is  often 
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paralleled  by  the  common  street*jnggler^  who  will  toss  a  large  stone 
high  into  the  air^  and  catch  it  on  his  forehead^  where  it  is  smashed 
into  little  bits.  The  man  who  has  broken  a  kitchen-poker  across 
his  arm^  or  seen  the  feat  done  by  others,  can  feel  no  surprise  at  the 
violent  blows  suffered  by  the  patients  of  Deacon  P&ris.  We  have  seen 
a  female  juggler,  supporting  her  head  on  one  stool  and  her  feet  on 
another,  suffer  a  horse-shoe  to  be  made,  and  a  bar  of  iron  beaten 
out  wi(h  two  sledge-hammers  on  an  anvil  placed  on  her  stomach. 
How  some  of  the  "  succour*'  tricks  were  performed,  it  may  be  diffi*^ 
cult  to  say,  because  of  the  imperfect  nature  of  the  descriptions;  but 
tricks  they  were,  and  we  may  be  very  sure  that  there  was  nothing 
in  the  severest  of  them,  that  has  not  been  in  a  greater  or  less  degree 
repeated  before  a  crowd  of  gaping  rustics  at  a  country  fair. 
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Fboh  the  time  of  Hippocrates  until  a  comparatively  recent  date,  all 
the  efforts  of  medical  science  were  devoted  to  one  aim — ^the  dis- 
covery of  a  means  of  curing   disease,  to  find  a  something,  which, 
when  employed  by  one  ill  of  a  fever,  or  an  inflammation,  should  stop 
that  fever  or  inflammation  in  its  full  career,  and  rapidly  restore  the 
patient  to  his  usual  health  and  strength.     This  was  the  great  object 
of  all  physicians  up  to  the  end  of  the  last  century ;   they  sometimes 
imagined  that  they  had  discovered  the  specific,  whether  in  blood- 
letting, or  some  other  mode  of  treatment ;  but  they  were  always 
coinpelled^  in  the  end,  to  acknowledge,  after  long  trial,  that  their 
specific  had  failed  to  cure ;  they  were  as  unsuccessful,  and  as  likely 
to  be  unsuccessful,  as  was  the  alchemist  in  his  attempt  to  transmute 
the  metals,  or  to  discover  the  elixir  of  life.     But  a  great  change  haa 
now  passed  over  the  aim  and  object  of  the  medical  art ;  the  cure  of 
disease,  once  set  above  all  others  in  importance,  has  sunk  to  a 
secondary  place,  and  the  first  aim   of  medicine  is  now  a  days  to 
prevent  disease.     This  great   revolution,  as  important   to   medical 
science  as  the  observations  of  Priestley  were  to  chemistry,  or  Bacon's 
philosophical  reform  to  the  laws  of  thought,  was  brought  about  by 
Jenner's  great  discovery  of  the  protection  conveyed  by  vaccination 
against  that  frightftil  scourge,  small  pox.     It  was  this  that  turned 
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the  whole  stream  of  medical  energy  into  the  channel  in  which  it 
now  rans ;  till  then^  men  had  been  content  to  accept  disease  as  an 
inevitable  affliction ;  they  now  began  to  understand  that  it  was 
possible  to  prevent  it^  and  from  that  time^  the  energies  of  all  the 
busy  workers  in  every  university  and  school  of  medicine  in  Europe 
have  been  devoted  to  one  aim — the  extinction  of  disease^  and^  as 
an  essential  means  to  this  end^  tho  study  of  disease  in  every  one  of 
its  subtle,  many-sided  aspects. 

Let  it^  then^  be  reiterated  that  the  first  aim  of  medicine  is  to 
prevent  disease.  The  public  have  not  yet  learnt  this^  they  still 
imagine  that  the  only  business  of  the  doctor  is  to  cure  them  when 
they  are  ill.  In  newspapers^  the  writers  often  blame  the  doctors 
for  not  having  found  out  a  cure  for  such  and  such  a  complaint,  just 
then  prevalent ;  they  demand  to  be  told,  for  example^  the  use  of 
an  art  which  cannot  cure  either  the  cattle-plague  or  the  cholera. 
The  answer  to  this  is,  that  no  one  now  a  days  expects  to  find  out  a 
cure  for  these  diseases ;  from  what  we  know  of  their  natural  history, 
it  seems  probable  that  there  never  will  be  found  out  a  cure. 
Further,  much  more  could  be  done  by  what  we  even  now  know  of 
the  methods  by  which  they  can  be  suppressed,  than  if  we  could 
find  ouc  a  method  for  curing  one  half  of  the  cases  attacked.  The 
popular  ignorance  on  this  subject  was  never  brought  out  so  com- 
pletely as  in  the  year  of  the  cattle  plague,  when  the  public  for  several 
months  refused  to  listen  to  the  only  scientific  and  rational  plan  for 
its  suppression,  offered  by  Mr.  Gamgoe,  but  adopted  instead  the 
wildest  and  most  absurd  methods  for  its  cure,  suggested  by  persons 
who  had  not  the  slightest  pretensions  to  knowledge  on  the  subject. 
Had  Mr.  Gamgee^s  advice  been  acted  upon  in  the  early  stage 
of  the  plague,  the  country  could  be  now  many  millions  richer 
than  it  is.  It  is  to  be  hoped  that  the  readers  of  the  Stttdcmt  will 
do  their  best  to  dispel  the  unscientific  notions,  prevalent  amongst 
even  well-educated  people,  as  to  the  aim  of  medicine, ^for  it  is  only 
by  a  wide  diffusion  of  knowledge  on  this  subject,  that  any  attempt 
to  check  the  progress  of  the  immense  amount  of  disease  entirely 
preventable,  raging  in  this  countiy,  whether  by  state  interference^  or 
individual  action,  can  be  successful. 

On  referring  to  the  Registrar-General's  reports  for  the  last  ten 
years,  we  find  that  in  England  and  Wales  about  five  hundred  thou- 
sand people  die  every  year ;  of  which  five  hundred  thousand,  one 
hundred  thousand  die  of  zymotic  diseases ;  that  is,  twenty  out  of 
every  hundred  people  who  die,  die,  usually  at  an  early  age,  of  disease 
which  can,  and  ought  to  be,  prevented. 
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These  so-called  zymotic  diseases  Have  been  chosen  for  the 
sabject  of  this  article^  because  thej  best  illastrate  what  has  been 
said  about  the  prevention  and  the  cure  of  disease.  No  approach  to 
any  means  of  curing  them  has  been  discovered;  but  of  all  the 
complaints  known,  they  are  the  most  easily  preventable ;  in  no  other 
group  of  diseases  is  there  a  something  which  can  almost  be  handled^ 
which  is  the  essence  of  the  complaint,  without  which  the  complaint 
would  not  exist.  It  is  to  the  destruction  of  this  substance  that  our 
eflForts  in  the  suppression  of  these  diseases  are  directed,  for  could  all 
the  contagious  material  in  the  universe  be  destroyed,  these  diseases 
would  cease  to  have  a  place  in  the  nosology.  A  knowledge  of  their 
natural  history  is  necessary  to  a  comprehension  of  the  means  to  be 
employed  in  preventing  their  occurrence,  and  a  slight  sketch  will 
therefore  be  given  of  their  course  when  attacking  the  individual, 
and  of  the  circumstances  under  which  they  spread. 

The  diseases  called  zymotic — a  name  which  is  bad,  because  based 
upon  a  false  theory,  but  which  has  become  sanctioned  from  long 
use — are,  in  systematic  medicine,  known  as  the  acute  speciBc  diseases; 
acute,  because  always  of  short  duration,  tending  spontaneously  to 
cease  at  a  fixed  date  from  the  attack,  and  never  extending  over 
months  and  years,  like  chronic  diseases ;  specific,  because  they  are 
accompanied  by  a  process  peculiar  to  each  one  of  the  group,  a 
process  quite  sui  generis,  and  unknown  in  the  course  of  other  acute 
complaints.  Amongst  them  stand  measles,  scarlet  fever,,  hooping 
cough,  diphtheria,  mumps,  typhoid  fever,  typhus  fever,  and  small-* 
pox.  Measles  may  be  regarded  as  a  type  of  this  class  of  complaints. 
It  has  a  greater  tendency  to  spare  the  life  of  the  individual  than 
most  of  the  others ;  it  is  very  widely  distributed,  and  few  people 
reach  adult  age  without  having  suffered  from  an  attack.  The 
history  of  the  complaint,  and  of  those  associated  to  it,  is,  therefore, 
personally  interesting  to  almost  every  one. 

The  acute  specific  diseases  are  distinguished  by  five  pecu- 
liarities. I.  They  occur  but  once  in  the  life  of  the  individual,  who 
thenceforth  is  secured  from  a  second  attack.  2.  They  always 
result  from  contagion  or  infection,  never  arising  de  novo,  from 
exposure  to  cold,  or  other  causes  of  disease,  as  bronchitis  oi* 
rheumatism  does.  3.  There  is  always  an  interval,  longer  or  shorter, 
between  the  date  when  the  individual  receives  the  contagion  into  his 
system,  and  the  date  when  he  first  begins  to  feel  ill.  4.  There  is  an 
interval  between  the  first  feelings  of  illness  and  the  first  appearance 
of  the  specific  process,  the  rash  on  the  skin,  or  the  sore  throat. 
5.    The  specific  disease  always  runs  a  sharp  well-defined  coarse 
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lasting  a  certain  number  of  days,  and  tending  to  end  in  the  recovery 
of  the  patient,  at  the  termination  of  the  specific  process.  These 
five  characters  will  now  be  considered  more  in  detail. 

Each  disease,  as  a  general  rule,  and  only  as  a  general  rule,  occurs 
but  once  during  life.  Every  mother,  for  example,  knows  that  when 
her  child  has  had  the  measles,  or  the  hooping  coagh,  it  will  be  secure 
against  a  second  attack.  It  not  unfrequently  happens,  however,  that 
a  second  attack  of  measles  or  small-pox  occurs ;  in  these  cases,  espe- 
cially the  latter,  the  complaint  runs  a  much  less  severe  course  than  in 
the  first.  In  the  great  majority  of  individuals,  the  protection  afibrded 
by  one  of  this  group  of  diseases  against  its  recurrence  is  complete. 
This  immunity  from  a  second  attack  is  one  of  the  most  curious 
problems  in  medicine.  Everyone  knows  how  a  part,  once 
affected  with  a  complaint,  is  liable  to  a  return  on  the  slightest 
causes,  e.  g,  a  common  cold,  or  a  sore  throat.  With  the  acute  spe- 
cific, or  zymotic  diseases,  the  case  is  exactly  the  reverse,  and  at  the 
present  moment  there  is  of  this  no  satisfactory  explanation  what- 
ever. Many  years  ago,  a  theory  was  propounded,  referring  the 
whole  of  the  phenomena  of  these  complaints  to  a  species  of  fer- 
mentation. When  the  germs  of  the  yeast  plant  are  introduced  into 
a  solution  of  sugar  in  water  kept  at  a  suitable  temperature,  the 
yeast  plant  converts  the  sugar  into  two  new  compounds  quite  diffe- 
rent from  the  original  sugar,  alcohol  and  carbonic  acid.  Nearly  the 
same  changes  were  believed  to  occur  in  the  human  body.  Every 
child  was  supposed  to  be  bom  with  a  variety  of  fermentable  sub- 
stances in  his  blood,  in  number  equal,  and  corresponding,  to  every 
one  of  the  zymotic  diseases.  These  fermentable  substances  meet- 
ing with  the  germs  of  disease,  were  acted  on  by  them  exactly  as  the 
sugar  is  acted  on  by  the  yeast  plant ;  such  a  process  going  on  in  the 
body  would  naturally  enough  caase  a  feeling  of  illness ;  the  fermen- 
tation was  supposed  to  account  for  the  fever,  while  the  eruption  on 
the  skin  was  the  means  by  which  the  products  of  the  fermen- 
tation were  thrown  off.  If  the  fermentation  were  completed, 
and  the  whole  of  the  fermentable  substance  changed  into 
new  compounds,  that  accounted  for  the  subsequent  immu- 
nity of  the  patient,  for,  the  whole  of  the  fermentable  substance, 
which  was  the  food  and  sustenance  of  the  disease,  having  been  des- 
tfojed,  no  further  attack  could  possibly  occur.  But  if  the  fermen- 
tation had  been  incomplete,  and  the  whole  of  the  fermentable  sub- 
stance not  destroyed,  then  the  patient  was  still  liable  to  a  second 
attack,  for  he  retained  in  liis  blood  what  might  at  any  time  be  set 
off  into  new  activity,  if  again  encountered  by  the  germs  of  the 
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disease,  and  thus  a  second  attack  might  occnr.  The  theory 
explains  a  good  many  of  the  facts,  bat  it  demands  too  great  a  con- 
cession at  the  oatset.  Few  will  be  disposed  to  admit  the  presence 
in  the  blood  of  nearly  twenty  distinct  and  separate  snbstances, 
which  exist  only  to  serve  as  a  nidns  for  the  specific  ferment,  and 
to  be  a  source  of  injury  to  the  individual.  The  name  zymotic 
i&^f'Vj  leaven)  still  continues  to  be  applied  to  this  group  of  com- 
plaints^ on  the  principle  of  lucus  a  non  lucendo,  chiefiy  because  they 
have  been  rendered  familiar  to  the  public^  in  the  Begistrar-Greneral's 
reports,  under  this  title. 

Another  striking  feature  in  the  natural  history  of  these  dis^ 
orders  is  that  tbey  are  never  known  to  arise  spontaneously,  as 
other  complaints  do;  but  their  origin  is  always  due  to  a  certain 
contagious  matter.  There  is  no  properly  authenticated  case  on 
record  of  a  person  haying  suffered  from  an  acute  specific  disease 
without  having  been  in  some  way  infected  from  another  person 
suffering  from  the  same  complaint.  Becent  discoveries  seem  to 
suggest  that  this  contagious  matter  is  a  vegetable  growth — ^a  fun- 
gus. Some  observers,  especially  in  Qermany,  aver  that  they  have 
been  enabled  to  detect  under  the  microscope  the  little  plant  which 
is  the  cause  of  cholera ;  others  assert,  that  certain  fungi  found  in 
mouldy  straw  will  produce  measles  in  less  than  forty-eight  hours  after 
inoculation.  Sir  Henry  Holland  has  thrown  out  the  idea  that  these 
diseases  are  produced  by  clouds  of  animalcules  passing  over  a 
country ;  and  he  considers  that  the  way  in  which  an  epidemic  or 
contagious  fever  advances,  supports  this  view.  The  zymotic  theory 
has  jnst  been  stated.  These  opinions  are  introduced  only  to 
shov7  how  little  is  really  known  about  the  nature  or  composition 
of  the  contagious  material.  Of  its  existence,  there  can  be  no  doubt, 
but  of  its  form,  whether  animal  or  vegetable,  whether  a  ferment,  or 
simply  some  organic  chemical  combination,  nothing  is  known. 
With  regard  to  the  mode  in  which  this  contagious  material  is  con- 
veyed to  individuals:  it  is  a  common  idea  that  it  is  carried 
through  the  air,  or  even  that  it  is  produced  de  novo  where 
there  are  bad  smells,  defective  drainage,  and  in  low,  damp 
situations.  The  notion  that  the  air  carries  the  contagious  matter 
is  singularly  devoid  of  any  support  from  the  manner  in  which  these 
complaints  usually  spread.  When,  for  example,  an  infectious  dis- 
ease passes  from  one  place  to  another,  it  moves  along  the  line  of 
traffic,  not  in  the  direction  of  the  wind,  but  along  the  coarse  taken 
by  travellers ;  when  a  contagious  disease  leaves  a  continent  for  an 
island,  it  always  makes  its  first  appearance  in  a  sea-port.     In  fact. 
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the  contagions  material  seems  capable  of  being  carried  bnt  a  very 
short  distance^  probably  only  a  few  feet^  by  the  movement  of  the 
air ;  one  of  the  best  means  of  disinfection  is  to  send  a  free  cur- 
rent of  air  through  the  room  or  space^  fresh  air  seeming  to  have 
the  power  of  destroying  or  weakening,  perhaps  by  dilution,  the 
contagious  material.  14 or  is  there  any  evidence  to  prove  that  bad 
smells,  etc.,  produce  these  specific  diseases  anew.  There  is  no  doubt 
that  defective  drainage,  and  crowding  of  people  together,  predis- 
pose to  the  reception  of  these  specific  complaints,  and  are  themselves 
the  direct  causes  of  many  and  serious  illnesses,  but  bad  sanitary 
arrangements  in  a  house  or  a  town  never  generate  these  epidemic 
disorders,  they  must  be  brought  from  without,  and  then,  under 
these  bad  sanitary  conditions,  they  spread  with  frightful  rapidity, 
and  cause  immense  mortality.  An  instance  in  proof  of  this  may  be 
found  in  the  hygienic  condition  of  England  before  the  time  when 
the  cholera  first  visited  us.  Then  the  sanitary  condition  was  pro- 
bably as  bad  as  could  be,  yet  the  cholera  did  not  exist  until  it  was 
brought  over  from  the  continent  of  Europe,  when  it  spread  rapidly 
and  decimated  the  country. 

What,  then,  is  the  way  in  which  the  contagious  matter  is  con- 
veyed ?  Ghiefiy  by  emanatious  from  the  sick  man.  The  clothes 
which  he  has  worn,  the  bed  on  which  he  has  lain,  the  furniture, 
carpets,  and  curtains  of  the  room  in  which  he  has  lived,  all  become 
the  recipients  of  the  contagious  material,  retaining  it  for  months,  or 
carrying  it  with  them  for  miles.  The  contagious  matter  of  small 
pox  and  scarlet  fever  is  particularly  persistent.  Clothes  which  had 
belonged  to  some  one  suffering  from  small-pox,  and  been  laid  by  for 
months,  have  passed  on  the  complaint  to  those  who  have  had  the 
misfortune  to  handle  them.  The  poison  of  scarlatina  is  most 
difiicult  to  eradicate,  chiefly  from  the  desquamation  or  peeling  off 
of  the  skin,  which  occurs  when  the  malady  is  passing  away,  and 
which  is  the  chief  medium  for  the  dissemination  of  the  contagious 
matter ;  the  skin  or  cuticle  comes  off  in  very  fine  powder,  which  is 
extremely  light,  and  penetrates  into  every  comer  of  the  room 
which  dust  can  reach,  accumulating  on  the  cornice  of  the  door, 
on  the  shelves  of  book-cases,  or  projecting  parts  of  picture  frames. 
The  clothes  which  the  sick  man  has  worn  are  a  frequent  medium 
of  contagion;  it  has  been  noticed  that  they  have  been  sent  for 
miles  to  people  who  were  quite  ignorant  of  the  fact  that  they  came 
firom  an  infected  place,  and  yet  have  communicated  the  contagion. 
Woollen  clothes  retain  the  infectious  material  much  more  than  cotton, 
for  the  obvious  reason  that  wool>  from  its  structure,  is  much  more 
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likely  to  absorb  the  poison  than  cotton.  Black  clothing  also 
retains  the  contagions  material  for  a  longer  time  than  white ;  this 
fact  is  quite  unexplained.  It  was  first  noticed  at  the  military 
hospitals  in  Vienna^  where  it  was  found  that  when  a  soldier  with  a 
white  uniform  had  recovered  from  an  infectious  disease^  and  was 
sent  back  to  the  barracks^  fewer  admissions  into  the  hospital  were 
made  of  his  fellow-soldiers^  suffering  from  the  same  disease^ 
than  when  the  patient^s  uniform  had  been  of  a  dark  colour. 

The  bed  clothes  and  bedding,  from  the  wool  and  hair  which^  they 
contain^  offer  a  large  surface  for  the  reception  and  retention  of  tho 
contagious  material.  The  carpets  and  curtains  are  frequently  sources 
of  contagion,  because  seldom  disturbed.  Drinking-water  also  conveys 
the  infection ;  the  emanations  from  the  sick  man^  the  water  in  which 
he  has  washed,  etc.,  are  too  often  thrown  carelessly  away,  and  unless 
properly  disinfected,  the  contagious  material  may  find  its  way  into 
wells  and  cisterns,  and  thus  spread  the  disease.  Typhoid  fever^ 
which  destroys  on  an  averge  ten  thousand  people  in  the  prime  of 
life,  every  year  in  England,  is  almost  solely  propagated  by  the 
drinking  water,  as  it  is  very  slightly  contagious  to  those  who  nurse 
or  tend  the  sufferers.  Dr.  Snow  in  his  work  '^  On  the  Mode  of 
Communication  of  Clwlera,"  has  proved  most  conclusively  that 
cholera  is  chiefly  communicated  by  the  drinking  water,  and  but 
seldom  through  the  ordinary  means  of  infection.  To  conclude 
this  subject,  it  must  not  be  forgotten  that  each  specific  disease  has 
its  own  specific  germ.  The  poison  of  small-pox  will  not  produce 
measles,  but  only  small-pox ;  and  an  attack  of  small-pox  offers  no 
protection  whatever  against  measles. 

When  the  contagious  matter  meets  with  an  individual  in  a 
condition  favourable  to  the  production  of  the  disease  (for,  like  the 
seed,  the  contagious  matter  must  be  placed  in  a  fit  soil  before 
it  can  germinate),  the  individual  thus  attacked  does  not  at  once 
show  symptoms  of  illness,  nor  indeed  does  he  know  that  he  is  going 
to  be  ill,  but  there  is  always  an  interval,  usually  many  days^ 
between  the  reception  of  the  poison,  and  the  first  feeling  of  malaise. 
This  stage  is  called  the  stage  of  incubation  ;  in  which  the  disorder 
is  latent  within  the  patient,  for  there  are  no  signs  or  symptoms  by 
which  it  can  be  known  that  he  retains  within  him  the  seeds  of 
severe  illness ;  he  goes  about  his  ordinary  occupations,  and  feels 
quite  in  his  usual  health.  This  period  of  incubation  varies  in 
different  illnesses ;  in  small-pox  and  measles  it  is  twelve  or  fourteen 
days ;  in  scarlet  fever  it  lasts  from  five  to  twelve  days,  never  being 
less  than  five^  or  more  than  twelve,  in  duration.     The  knowledge. 
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ot  this  fact  may  often  be  of  practical  use ;  if  a  child  have  been,  by 
chance,  to  see  another  who  has  taken  the  measles  or  scarlet  fever, 
the  mother  would  know  that  all  risk  of  the  infection  would  be  over 
in  about  a  fortnight  from  the  time  of  the  visit.  For  this  reason  it 
is  that  travellers  are  detained  so  long  a  time  in  quarantine,  lest 
any  of  them  might  be  in  the  incubative  stage  of  an  epidemic. 

The  end  of  the  stage  of  incubation  is  announced  when  the 
person  begins  to  feel  ill ;  what  is  called  the  stage  of  invasion  has 
arrived,  and  this  is  the  commencement  of  the  illness  properly  so 
called ;  like  the  stage  of  incubation,  this  has  a  course  of  a  certain 
number  of  days,  varying  in  each  disease.  In  scarlet  fever  the 
invasion-stage  lasts  only  twenty-four  hours,  and  is  accompanied  by 
feverishness  and  sore  throat ;  in  small  pox  it  lasts  forty-eight  hours, 
and  there  is  also  a  great  pain  in  the  back,  and  the  patient  feels 
seriously  ill.  In  measles  this  stage  lasts  three  days,  during  which 
the  child  is  fsverish,  and  its  eyes  and  nose  pour  out  a  fluid,  which 
scalds  the  skin  over  which  it  flows.  In  hooping  cough,  the  stage 
of  invasion  lasts  nearly  a  fortnight,  during  which  time  the  child 
seems  to  have  only  an  ordinary  severe  cough,  without  anything  to 
announce  its  specific  character.  When  the  complaint  is  in  the  stage 
of  invasion,  no  drug  or  medicine  is  known  which  has  the  least 
power  to  stop  the  illness  from  going  on  further  into  the  specific 
sta^e,  which  like  the  two  preceding  stages,  has  a  sharply  defined 
duration,  beyond  which  it  never  lasts,  and  within  which  it  never 
terminates,  except  by  the  death  of  the  patient.  The  tendency  of 
this  stage  is  to  end,  after  its  specific  duration,  in  the  complete 
recovery  of  health.  In  no  complaint  is  this  better  exemplified  than 
in  typhoid  fever.  Here  the  specific  illness  never  lasts  less  than 
twenty-eight  or  more  than  thirty  days;  during  this  time  the 
patient  is  feverish,  with  a  temperature  of  the  body  often  rising  to 
105°  P.,  and  is  delirious  and  entirely  without  appetite.  If  the  patient 
only  survive  the  twenty-eighth  or  thirtieth  day,  the  fever  and 
delirium  go,  the  temperature  of  the  body  falls  to  the  natural 
standard,  98°  P.,  and  the  appetite  begins  to  return.  This  illustrates 
what  was  said  about  the  power  of  curing  disease,  and  the  im- 
portance of  an  intimate  acquaintance  with  its  natural  history. 
Here  the  physician  is  aware  that  he  cannot  cure,  but  at  the  same 
time  he  knows  that,  if  he  can  keep  his  patient  alive  over  a  certain 
day,  the  patient  will  recover ;  the  only  endeavoui'  of  the  physician 
in  this  case  is,  then,  simply  to  prolong  life,  to  enable  the  patient  to 
live  over  the  critical  day,  and  thus  by  simply  endeavouring  to 
prolong  life,  the  physician  often  succeeds  in  saving  life. 
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In  this  specific  fitage  there  are  two  symptoms^  the  specific 
process^  and  fever.  In  small-pox  and  measles^  the  specific  process 
is  the  rash  on  the  skin ;  in  scarlatina,  the  rash  on  the  skin,  and 
the  sore  throat  conjoined ;  while  in  diphtheria  it  is  the  sore  throat 
alone,  which  is  the  specific  process.  This  specific  process  is  the 
essence  of  the  whole  disease,  without  which  the  disease  could  not 
exist,  and  the  means  bj  which  the  disease  is  propagated.  The 
specific  process  itself  is  strictly  local,  never  affecting  all  the  tissues 
of  the  body  generally,  but  limiting  itself  to  one  set  of  tissues, 
or  to  those  analogous  to  it.  Thus  in  small-pox,  the  local  specific 
process  is  limited  to  the  skin  alone,  except  when  it  attacks,  in 
grave  cases,  the  mucous  membrane^  similar  in  structure  to  the 
skin,  of  the  windpipe  and  air-tubes  of  the  lungs.  In  diph- 
theria, the  mucous  membranes  alone  are  involved,  while  in  typhoid 
fever  it  is  the  adenoid  tissue,  which  the  spleen  and  some  other 
organs  largely  contain,  that  is  affected.  Fever  is  a  constant 
accompaniment  of  the  local  specific  process ;  and  by  fever  we 
simply  mean  that  the  temperature  of  the  body,  as  measured  by  the 
thermometer,  is  greater  than  in  health.  The  natural  temperature 
of  the  body  is  98°  P.,  but  in  fever  it  rises  above  this.  The  tempe- 
rature of  the  body  in  health  is  maintained  by  a  constant  oxidation 
or  burning  of  the  tissues  by  the  oxygen  of  the  air,  brought  by  the 
blood  from  the  lungs.  In  fever,  this  process  of  combustion  goes  on 
more  rapidly^  and  the  tissues  are  burnt  away  at  a  higher  rate,  and 
thus  an  elevation  of  temperature  is  produced.  A  great  increcuse 
in  the  products  of  combustion,  which  are  eliminated  from  the 
system,  takes  place  during  the  fever,  or  at  its  termination. 
This  process  of  increased  combustion  readily  explains  the  rapid 
emaciation  which  occurs  in  fevers.  The  great  debility  of  the  patient 
depends  upon  the  exhaustion  produced  by  the  high  temperature. 
According  to  Joule^s  law,  every  degree  of  increased  tempe* 
rature  represents  a  certain  amount  of  mechanical  exertion.  The 
Eev.  Professor  Haughton  says:  ^'The  work  due  to  animal  heat 
would  lift  the  body  through  a  vertical  height  of  eight  miles  per 
day  ;  and  it  thus  appears  that  an  additional  amount  of  work,  equi- 
valent to  the  body  lifted  through  one  mile  per  day,  is  spent  in  main- 
taining its  temperature  at  fever  heat.  If  you  could  place  your  fever 
patient  at  the  bottom  of  a  mine,  twice  the  depth  of  the  deepest 
mine  in  the  duchy  of  Cornwall,  and  compel  the  wretched  sufferer 
to  climb  its  ladders  into  the  open  air,  you  would  subject  him  to  less 
torture  from  muscular  exertion,  than  that  which  he  undergoes  at 
the  hand  of  nature,  as  he  lies  before  you,  helpless,  tossing,  and 
delirious  on  his  fever  couch.*' 
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Both  the  local  specific  process^  and  the  fe7er^  have  a  tendency  to 
termiDate  in  the  restoration  of  the  sufferer  to  healthy  withoat  any 
intervention  of  the  medical  art.     But  at  the  termination  of  these 
conditions  a  state  of  health,  often  wretchedly  below  par,  is  left 
behind.     Scarlet  fever  frequently  destroys  the  drum  of  the  ear,  by 
extension  of  the  sore  throat  backwards  into  the  Eustachian  tube, 
and  there  sets  up  an  ulceration  by  which  the  patient's  life  is  in  con- 
stant jeopardy ;  at  any  time,  too,  from  the  fading  of  the  rash  until 
a  month  afterwards,  that  fatal  form  of  dropsy,   called  scarlatinal 
dropsy,  may  supervene  on  the  slightest  exposure  to  cold.     Measles, 
chicken  pox,  and  whooping  cough,  very  slight  in  themselves,  leave 
behind  a  predisposition  to  a  most  fatal  complaint,  the  deposit  of 
tubercles  in  every  part  of  the  body.     In  grown  up  people,  the  brunt 
of  the  disease  usually  falls  upon  the  lungs,  and  it  is  then  called  con- 
sumption;  but  in  children  the  disease  is  spread  more  generally 
throughout  the  system,  the  brain  and  other  organs  suffering  quite 
as  much  as  the  lungs.      This  disposition  to  tubercle  arises  after 
these  three  diseases  without  any  previous  hereditary  taint  or  incli- 
nation whatever.     The  zymotic  diseases,  then,  are  not  the  harmless 
ailments  which  the  public  think  to  be,  but  even  the  mildest  may 
leave  behind  the  seeds  of  a  malady  which,  sooner  or  later,  will 
destroy  life. 

The  circumstances  nnder  which  zymotic  diseases  are  enabled  to 
spread  are  the  following.  First  of  all,  the  zymotic  principle  itself 
must  be  present,  next,  a  condition  of  the  atmosphere  or  of  the  sur- 
roundings, fieivourable  to  the  spread  of  disease ;  small-pox  and  scar- 
latina are  always  present  in  England,  yet  it  is  only  occasionally  that 
the  sporadic  cases  multiply  so  greatly  as  to  become  epidemic.  Thirdly, 
a  medium  for  the  conveyance  of  the  contagious  matter  to  the  in- 
dividual or  some  part  of  him,  where  it  can  easily  enter  his  blood ; 
it  seems  probable  that  most  of  the  zymotic  poisons  enter  by  the 
mouth.  Lastly,  an  individual  in  a  state  fit  to  receive  the  germ  of 
the  malady,  and  allow  it  to  multiply. 

Knowing  that  these  four  conditions  are  necessary  for  the 
spread  of  these  contagious  diseases,  the  means  at  our  disposal 
for  their  prevention  will  be  shortly  alluded  to.  With  regard  to  the 
zymotic  substance,  the  agent  which  most  effectively  destroys  it,  is 
heat.  In  Egypt,  the  spread  of  the  plague  is  always  arrested  after 
St.  John's  day,  from  the  intense  heat  which  then  arises.  A  tem- 
perature of  120^  F.  will  destroy  the  contagions  material  contained 
in  clothes,  papers,  etc.,  thus  most  conveniently  disinfected,  the 
most    delicate    fabrics    remaining    uninjured    after    exposure    to 
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so  low  a  temperature.  Several  chemical  agents  are  said  to 
have  the  power  of  altering  or  changing  the  composition  of  the  con- 
tagions material^  so  as  to  render  it  innocuous.  Amongst  these 
are  especially  to  be  mentioned  carbolic  acid,  chlorine,  and  nitrous 
acid. 

The  state  of  the  surroundings  is  very  important,  but  unfortu- 
nately little  is  known  of  the  meteorological  changes  which  accom- 
pany an  epidemic.  A  temperature  of  32°  P.  seems  to  check  the 
spread  of  some  contagious  diseases,  but  the  whole  of  our  informa- 
tion on  this  point  is  most  meagre.  One  of  the  surrounding  condi- 
tions is  known  to  be  extremely  important — the  dilution  of  the  con- 
tagious material  with  fresh  air — this  is  without  doubt,  the  most 
important  agent  that  we  possess  in  checking  the  progress  of  a  con- 
tagious disease.  Free,  efficient  ventilation  of  a  house  will  often 
protect  its  inmates  from  infection  from  without.  The  media  for  the 
conveyance  of  disease  have  been  spoken  of  previously.  A  predis- 
position on  the  part  of  the  individual  who  is  exposed  to  the  conta- 
gion ;  for  not  every  one  exposed,  is  infected.  Some  persons  seem 
quite  incapable  of  receiving  the  zymotic  diseases  during  the  whole 
of  their  life ;  while  on  the  other  hand,  certain  conditions  of  the 
system  piredispose  to  them ;  mental  anxiety,  worry,  and  trouble  of 
any  kind  render  a  person  peculiarly  liable.  So  do  fear  of  taking 
the  complaint,  a  poor  state  of  health  at  the  time,  great  bodily 
fatigue  and  exhausting  labour,  above  all,  the  fasting  state.  A 
person  who  has  not  eaten  for  hours  will  be  far  more  likely,  other 
conditions  being  equal,  to  be  infected  on  exposure  to  contagion, 
than  one  who  has  just  taken  a  meal  of  meat  and  wine.  We  cannot 
always  control  our  emotions  or  secure  a  tranquil  and  happy  frame  of 
mind ;  but  at  the  worst,  most  of  us  can  afford  a  dinner  and  a  doso 
of  stimulant.  After  exposure  to  infection,  a  glass  of  sherry,  or 
brandy  and  water,  is  said  to  prevent  the  complaint  from  taking 
root ;  it  would  always  be  well  to  try  this  remedy,  when  a  person  has 
been  near  a  source  of  contagion. 

Amongst  the  poor,  the  want  of  good  food  and  clothing,  the 
indifferent  light  which  does  not  allow  them  to  see  the  dirt  about 
them,  and  which  they  therefore  do  not  remove,  the  overcrowding 
and  bad  ventilation,  all  render  them  exceedingly  predisposed  to  the 
acute  specific  diseases.  Accordingly  we  find  that  an  outbreak  of 
zymotic  disease  always  makes  head  among  the  poor  first ;  amongst 
them  it  gathers  its  strength  and  multiplies  its  points  of  contagion, 
before  it  attacks  the  rich  man's  family.  Indeed,  there  is  one 
disease^  typhus  fever,  which  is  unknown  except  among  the  ex- 
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tretnely  destitute;  clergymen  and  doctors  occasionally  die  of  it, 
their  profession  obliging  them  to  visit  the  sick  poor ;  but  nndei 
no  circumstances  does  it  ever  spread  among  people  moderately 
well  to  do. 

After  a  consideration  of  the  preceding  remarks,  the  question, 
''  How  may  zymotic  diseases  be  prevented  ?  '^  may  be  more  easily 
answered.  Individual  action  can  do  little;  it  is  to  the  State  that 
we  must  look  for  efficient  interference  for  the  suppression  of  these 
complaints.  With  our  English  notions  about  the  liberty  of 
the  subject,  it  wiU  take  years  of  active  teaching  and  reiteration 
before  any  government  will  be  sufficiently  interested  to  make 
laws  which  will  perhaps  seriously  interfere  with  the  present 
prerogative  of  every  English  subject  to  spread  infection.  It  has 
taken  seventy  years  for  the  English  Government  to  realize  the  value 
of  Jenner^s  great  discovery  and  to  take  steps  to  protect  the  com- 
munity against  periodical  outbreaks  of  small-pox.  It  is  to  be  hoped 
that  another  seventy  years  will  not  elapse  before  something  is 
done  to  stop  the  spread  of  scarlatina,  measles,  or  typhoid  fever. 
Laws  compelling  the  drainage  and  water  supply  to  be  at  least  effective, 
and  forbidding  the  frightful  overcrowding  of  dwellings  which  now 
prevails  in  every  large  town,  ought  to  be  made;  every  case  of 
zymotic  disease  ought  to  be  watched  by  officers  of  health,  since 
that  one  case  may  become  the  centre  of  extension  to  the  whole  town, 
country,  or  even  kingdom. 

Individuals  may,  however,  do  a  little  in  preventing  these  com- 
plaints, especially  in  their  own  households,  but  their  exertions  can 
scarcely  reach  beyond  this.  In  the  first  place,  let  the  water  that 
is  used  for  drinking  be  most  carefully  seen  to  at  all  times.  No  one 
should  buy  water  of  a  company,  the  purity  of  whose  source  of  sup- 
ply is  at  all  questioned,  for  water  that  looks,  smells,  and  tastes  per- 
fectly  good  may  convey  the  deadly  poison  of  cholera  or  typhoid 
fever.  The  same  consequences  ought  to  follow  the  sale  of  unwhole- 
some water  to  the  public,  as  follow  the  sale  of  unwholesome  meat 
or  vegetables ;  or  rather,  the  punishment  should  be  greater,  because 
the  effects  are  more  widely  spread. 

One  of  the  most  important  means  of  prevention  is'also  within 
the  reach  of  individuals ;  it  is  quite  simple,  needing  no  appa- 
ratus or  chemicals,  and  is  the  free  and  complete  ventilation  of  aU 
rooms  and  passages  by  means  of  windows  opening  on  the  external 
air,  assisted,  where  there  are  opportunities,  by  fires  in  open  grates. 
This  method  yields  to  none  in  efficiency;  it  is  of  far  more  use 
than  any  chemical  means  of  disinfection,  useful  though  these  may 
VOL.  I,  N.s. — NO.  ni.  T 
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be ;  the  only  effectual  plan  is  complete  and  thorongh  ventilation. 
When  a  member  of  a  household  has  been  seized  with  a  zymotic  dis- 
ease^ it  is  most  important  than  no  communication  should  be  held 
with  the  sick  room,  other  than  is  absolutely  necessary ;  everything 
which  comes  from  the  sick  bedside,  or  which  has  approached  the 
sick  man  should  be  immediately  destroyed  with  fire.  When  this 
is  impossible  from  the  nature  of  the  article,  as  porcelain  or  glass, 
it  should  be  placed  in  boiling  water  for  several  minutes,  as  soon  as 
its  contents  have  been  got  rid  of.  The  disposal  of  water  and  other 
fluids  which  have  been  used  by  the  sick  is  a  matter  of  some  diflB- 
culty.  It  is  without  doubt  in  the  highest  degree  immoral  to  throw 
such  refase  into  a  drain,  whence  it  may  easily  pass  on  and  infect 
others ;  the  best  plan  seems  to  be  to  miK  all  these  fluids  with  solution 
of  chloride  of  zinc,  or  carbolic  acid,  and  then  to  have  them  deeply 
buried  in  the  earth  with  a  quantity  of  disinfectants,  far  away  from 
any  wells  or  sources  of  water  supply  to  any  human  habitation. 
If  the  refuse  materials  are  more  solid  than  liquid,  they  should 
be  completely  destroyed  by  fire. 

A  low  degree  of  civilization  sets  a  low  value  upon  individual 
human  life.  If  we  compare  the  thousands  of  pounds  lavishly  spent 
by  Government,  where  cattle  only  were  concerned,  with  the  small 
sums  given  grudgingly  for  the  prevention  and  investigation — ^the 
first  step  in  the  prevention— of  human  disease,  it  will  be  seen  how 
hollow  our  boasted  advance  really  is.  The  lives  of  cattle  must  be 
protected  because  they  are  valuable  property ;  the  lives  of  men  are 
apparently  of  little  or  no  account.  So  long  as  the  poor  remain  in 
their  present  wretched  and  unhealthy  condition — ^a  very  poor  popu- 
lation may  yet  be  healthy — and  so  long  as  the  death  rate  exhibits 
little  or  no  decline  in  each  succeeding  year,  so  long  are  we  on  the 
moral  level  of  barbarians  in  disregard  for  human  life.  This  deep 
stain  on  modem  civilization,  the  entire  neglect  of  the  sanitary  con- 
dition of  the  poor,  can  only  be  wiped  away  by  a  great  effort  on  the 
part  of  society  in  general,  by  the  framing  of  laws,  which  shall  be  no 
half  measures — the  curse  of  English  sanitary  legislation — but  which 
shall  effectually  and  at  once  remove  this  evil  from  amongst  us. 
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CELTS  AND  OTHER  IMPLEMENTS  OF  BRONZE. 


BY  LLBWELLYKH  JEWITT,   P.B.A. 

The  Celt,  by  which  nains  the  most  general  as  well  as  the  earlieat 
implements  of  bronze,  as  well  as  their  earlier  prototypes  in  stone, 
are  called,  has  been  designated  the  "  ignus  fatuity  of  antiquaries," 
because,  although  constantly  before  their  eyes,  they  are  unable  to 
grasp  its  nature,  or  to  follow  it  with  any  degree  of  certainty  through 
its  many  changes  of  form.  I  have  no  hope  in  this  present  paper, 
even  if  I  had  the  temerity  to  try — which  I  confess  I  Tiave  not— of 
laying  this  ghost,  or  of  catching  the  "  will-of-the-wisp "  while 
asleep  and  bottling  him  up  for  my  reader's  enlightenment  I  Neither 
have  I  the  slightest  intention  of  allowing  him  to  lead  me  into  the 
quagmires  of  theory  in  which  he  still  wallows,  or  into  any  attempt 
to  penetrate  the  cloud  of  vapour  which  surronnds  him.  Neither 
do  I  intend  to  broach  any  new  theory  of  my  own ;  but  simply  to 
throw  together  a  few  facta  as  to  the  forms  of  Celts,  the  objects  along 
with  which  they  are  discovered,  and  the  way  in  which  it  is  possible 
some  of  them  may  have  been  used.  At  a  future  time  I  shall  give  a 
few  words  upon  Celts  of  flint  and  of  various  kinds  of  stone,  but  at 
the  present  I  shall  confine  myself  entirely  to  those  of  bronze. 
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The  moat  simple,  and  therefore  eonaidered  to  be  the  earliest,  form 
of  these  implements  is  shown  in  the  first  of  oar  engravinga,  and  ia 


Tig.  I,t  Fig.  2. 

evidently  nothing  more  than  a  reprodaction  in  metal,  copper,  or 
bronze,  of  the  common  type  of  the  stone  Celts,  aa  will  be  seen  on 
reference  to  the  next  engraving,  on  which  a  group  of  five  of  the 
more  characteristic  shapes  of  Celts  of  stone  is  shown.     Figs.  5  and 


Fig.  3.  Fig.  4.  Fig.  e.  Fig.  G.  Fig.  7. 

7  will  be  seen  to  be  of,  as  nearly  as  possible,  precisely  similar  forms 
to  those  of  bronze  given  above.  This  class  of  bronze  Celts,  which 
Sir  Wm.  Wilde  judicionaly  denominates  the  "simple  flat  Celt"  is  a 
plain  fiat  hatchet-shaped  piece  of  metal,  the  two  ends  rounding 
gradoally  off  to  a  sharp  edge.  The  size  varies  considerably,  from 
abont  three,  to  upwards  of  twelve  inches.  One  of  the  lai^^t  on 
record  is  shown  in  the  next  engraving,  which  is  twelve  and  a 
quarter  inches  in  length,  and  eight  and  a  quarter  inches  broad,  and 
weighs  no  leas  than  four  pounds  fonrteen  ounces.  It  is  perfectly 
plain,  and  is  three-eighths  of  aa  inch  thick,  gradually  attenuated  to 
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Jig,  8,  rig.  9. 

the  endSj  which  are  sharpeoed  for  catting.     Sometimes  Celts  of  this 
form,  as  of  others,   are  ornamented  with   herring-bone  or  other 
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lines,  and  exhibit  in  many  other  ways,  a  considerable  degree  of 
finish.  Thus,  on  acme  of  the  next  examples  this  kind  of  ornamenta- 
tion, which  is  produced  hy  slight  cold-punching,  or  rode  chasing,  is 
shown.  The  examples  so  far  engraved  (to  Fig.  12)  ace  Irish,  and 
are  preserved  in  the  Museum  of  the  Royal  Irish  Academy,  hut  they 
are,  as  I  shall  show,  identical  in  form  with  English  examples,  and 
more  especially  with  those  from  Derbyshire,  and  the  adjoining 
counties.     Two  specimens  will  be  sufficient  to  prove  this — Fig.  13 


Pig.  18.  Pig.  u. 

being  from  Highlow,  and  Fig.  14  from  Moot  Low,  both  in  Derby, 
shire.  The  resemblance  between  bronze  implements  of  other  kinds 
from  Ireland,  with  those  found  in  Derbyshire,  is  very  striking,  and 
will  be  noticed  later  on.  The  first  advance  on  the  plain  flat  form 
appears  to  have  been  the  adoption  of  flanged  edges.  This  will  be 
seen  on  Pigs.  14  and  15,  where  the  edges  are  slightly  rounded  and 
flanged.  The  mode  in  which  Celts  of  this  primitive  form  were 
hafted  seems  to  have  been  simply  by  passing  the  thin  end 
transversly  through  a  hole  in  a  stick,  or  piece  of  wood,  and  binding 
the  wood  with  a  thong  to  prevent  its  splitting.  It  would  thus 
become  the  type  of  our  modern  axe — the  axe  edge  in  front,  and 
the  tang  behind. 
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The  nest  general  claaa  of  Celts  consists  of'  wedge-Uke  imple- 
ments more  or  less  axe-sbaped,  in  -wliicli  the  flange  is  sometimes 
made  of  considerable  width  j  while  in  others  the  entire  weapon  ia 
made  thicker,  with  a  groove  (answering  to  flanged  aidea  so  far  aa  it 


Fig.  IG. 
goes)  on  either  side,  and  a  stop  ridge.    Implements  of  this  class 
are  generally  denominated  "palstaves,"  from  the  old  Scandinavian 
term  paaUtab,  and  it  appears  a  convenient  appellation.     The  form 


Fig.  16.  Fig.  17.  Fig.  18.  Fig.  19.  Fig.  20. 

of  the  diffarenb  varieties  of  palstaves  will  be  best  nnderstood  by 
the  engravings.  Fig.  18  being  one  of  the  slightly,  and  19  one  of  the 
deeply,  flanged  variety,  often  termed  "  winged  Celts,"  the  latter 
having,  like  aome  of  the  other  examples  in  this  gronp,  a  central  stop 
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ridge.  Some  of  these  deep  flanges,  or  wings,  are  of  leaf-shape, 
while  others  again  are  of  lozenge  form ;  both  of  which  occur  in  Derby- 
shire, as  well  as  in  Irish  and  other  examples.  In  some  the  edges  of 
the  flanges  turn  inwards,  so  as  to  grasp  and  hold  the  handle. 
In  others  a  raised  ridge  occurs,  doubtless  for  the  purpose  of 
holding  the  binding.  Sir  William  Wilde,  who  has  paid  particular 
attention  to  the  forms  and  peculiarities  of  these  implements, 
describes  the  cutting  edge  as  presenting  ''a  great  diversity  from 
a  very  slightly  curved  line  to  that  of  the  segment  of  a  circle, 
the  centre  of  which  would  be  about  the  junction  of  the  lower  and 
middle  thirds  of  the  length  of  the  instrument '' — i.e.  a  third  of  the 
length  of  the  implement  from  its  cutting  edge;  but  I  have 
examined  several,  and  indeed  possess  some,  where  the  centre  of 
the  segment  of  the  circle  would  be  only  a  fourth,  and  in  some 
instances  only  a  little  more  than  a  fftli  K)f  the  length  of  the  imple- 
ment, measuring  from  the  cutting  edge.  They  have  been  cast  with 
the  cutting  edge  tolerably  sharp ;  but  it  is  not  unusual  to  find 
specimens  which  have  been  rubbed  down  on  stone  to  produce  a  finer 
edge.  It  is  not  uncommon  to  find  them  worn,  broken,  or  notched 
and  hacked  on  the  edge,  as  if  they  had  been  used  for  chopping 
hard  substances,  or,  in  course  of  warfare,  or  otherwise,  been  struck 
against  the  edges  of  others.  The  mode  of  attaching  these  palstaves 
to  the  handle  appears  to  have  been  to  split  the  end  of  the  stick, 
or  piece  of  wood,  and  then  insert  the  narrow  end  of  the  implement 
in  the  clefb ;  binding  it  tightly  round  with  a  thong.  The  central 
stop-ridge  served  for  the  ends  of  the  split  handle  to  rest  or  '^  stop '' 
against.  In  some  cases  this  stop-ridge  is  very  slight — ^indeed  so 
slight,  as,  apparently,  to  have  been  of  but  little  use,  but  in  others  it 
is  developed  into  nearly  half  the  thickness  of  the  implement ;  while 
in  others  again  it  is  surface-raised,  and  forms  a  semi-socket  on  each 
side  the  Gelt.  This  raised  stop,  or  semi-socket,  was  not  unfrequently 
ornamented,  as  will  be  seen  by  the  examples  engraved. 

Many  palstaves  are  characterised  (as  are  also  socketted  Celts)  by 
a  loop  on  the  lower  side,  which  was,  doubtless,  intended  for  securing 
it  to  its  handle  by  a  thong.  This  is  well  shown  on  Fig.  20,  and 
also  on  Figs.  21  and  22,  and  was  simply  a  loop,  or  eye,  through 
which  the  fastening  to  the  curved  handle,  whatever  that  fastening 
— whether  of  thong  or  of  metal — may  have  been,  was  passed  and 
re-passed.  It  is  placed  immediately  beneath  the  stop  and  its  orifice 
is  chamfered  or  '^  countersunk  *^  on  either  side,  so  as  to  prevent,  as 
far  as  possible,  the  chafing  of  the  ligature.  Now  and  then,  but 
very  rarely,  examples  with  a  loop  on  each  side  have  been  found. 
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The  next  class,  the  socketed  Celts,  are  of  very  different  form  from 
either  of  the  othersj  upon  which  they  are,  evidently,  a  later  improve- 
ment, and  the  result  of  a  gradual  development.  I  have  shown 
that  the  flanges  or  wings  of  the  palstave  became  gradnally  enlarged 
and,  being  occasionally  curved  inwards,  formed  a  socket  on  either 
side  for  the  reception  of  the  the  cleft  ends  of  the  handle.  From 
this  the  idea  of  the  formation  of  a  single  socket  would  be  easy  and 
natoral  to  the  Celt  maker,  and  accordingly  we  find  the  palstave,  as 
it  were,  cut  in  two ;  the  thin  end  Uu*own  aside,  and  the  cntting 
half  increased  somewhat  in  thickness  at  its  upper  end,  and  made 
hollow  for  the  reception  of  the  end  of  the  handle,  or  stick,  which 
instead  of  being  this  time  split,  was  inserted  whole.  The  variety 
of  socketed  Celts  is  not  so  great  as  that  of  palstaves,  but,  never- 
theless, many  distinct  varieties  occur.  In  all,  the  loop,  or  eye,  is 
close  up  to,  or  near,  the  hollow  end.     The  general  form  will  be 


Fig.  21.  Fig.  22. 

clearly  nnderstood  from  the  engravings.  Figs.  21  and  22.  The  socket, 
and  firequently  the  outer  rim  {as  well  as  occasionally  the  general 

exterior  forming  the  upper  part),  is  sometimes  circular,  and  at  others 
oval,  square,  hexagonal,  or  octagonal,  etc.  The  socket  generally  runs 
nearly  the  length  of  the  Celt  to  the  cutting-edge  ;  and  usuaUy  along 
its  inside,  the  ridgos,  two,  three,  four,  or  more  in  number,  where 
the  core-pieces  havo  joined,  are  perceptible.  In  the  example,  Fig. 
21,  which  is  a  four-sided  Celt,  the  hollow  of  the  socket  extends  to 
about  five-sixths  of  its  length ;  but  in  the  case  of  a  ten-sided 
example  in  my  own  collection.  Fig.  22,  it  extends  to  more  than  seven- 
eighths  of  its  entire  length — the  general  depth  being,  according  to 
Sir  William  Wilde,  about  four-fifths.     Implements  of  this  kind  are 
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oBually  of  less  size  than  those  in  either  of  the  preceding  classes. 
Among  the  forms  of  socketed  Celts,  one  of  very  rare  occurrence 
in  England — and,  indeed,  even  in  Ireland  only  four  specimens  are 
known — is  the  plain  square,  and  almost  straight,  wedge,  engraved 
on  Fig.  23  from  an  example  in  my  own  collection.  It  is  four  inches 
long,  and  is  hollow  to  nearly  four-fifths  of  its  length.  It  has  had  a 
loop  on  its  under  side  at  the  head,  but  this,  along  with  a  piece  of  the 
rim,  h&B  been  broken  off,  showing  that  considerable  force  must  have 
been  resorted  to  in  using  it.  Other  varieties  are  straight  on  their 
sides,  circular  in  section  in  the  shaft,  and  the  cutting-edge  cnrvod 
as  in  the  other  classes.  Another  kind  is  the  gouge  (Fig.  24),  examples 
of  which  are  found  in  both  Ireland  and  England.  In  these  the  socket 
nms  to  more  than  three-fourths  their  length. 


^■K-  23-  Kg.  24. 

Of  the  uses  of  all  these  implements  it  is  unnecessary  to  say 
much.  It  is  in  this  field  that  they  have  earned  for  themselves  the 
name  of  igrnts  fatuus,  and  it  is  in  this  field— or  rather  in  this  bog— 
tha,t  so  many  antiquaries  have  attempted  to  baild  np  their  theories, 
which,  like  houses  erected  on  a  quicksand,  have  all,  one  after  another, 
sunk  and  perished.  We  are  told,  by  one  writer,  that  they  were 
used  by  besieging  armies  for  displacing  the  stones  in  the  walla  of 
fortified  cities,  so  as  to  gain  an  entrance ;  and  we  are  also  told  that, 
stuck  on  the  ends  of  sticks,  gathered  fresh  from  the  trees  when 
required,  they  were  used  as  wedges  and  levers,  and  as  crowbars. 
But  surely  common  sense  ought  to  show  the  absurdity  of  the  idea 
that  a  stick  of  the  thickness  of  the  thumb,  cut  fresh  from  a  tree, 
could  ever  serve  the  purpose  of  a  crowbar ;  or  that  a  Celt  of  a 
couple  of  inches  or  bo  in  length,  could  ever  be  of  much  semce  to 
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a  soldier  in  pulling  down  and  making  a  breach  in  the  walls  of  a 
fortified  town.  Wilson  wisely  says,  speaking  of  the  bronze  axe, 
the  palstave,  and  the  socketed  Celt,  '^  they  all  appear  to  be  more 
or  less  applicable  to  a  variety  of  uses  both  as  mechanical  tools  and 
warlike  weapons,  and  any  very  nice  attempts  at  discriminating 
between  the  various  purposes  for  which  they  were  designed,  are 
more  likely  to  engraft  on  the  devices  of  primitive  art,  a  sub- division 
peculiar  to  modem  civilization  than  to  throw  a  light  on  the  era  of 
their  production.  The  Indian^s  tomahawk  and  knife  are  equally 
employed  in  war  or  the  chase,  as  in  the  mechanical  labours  or  culinary 
operations  of  the  wigwam ;  and  at  a  period  greatly  nearer  to  our 
own  time  than  that  of  the  bronze  axe  and  Celt,  the  same  implement 
sufficed  the  Scottish  moss-trooper,  or  the  Highland  clansman  for 
table-knife,  couteau  de  chasse,  and  dagger." 

We  may  therefore,  I  think,  well  dismiss  wild  and  unnecessary 
theory — a  theory  which  runs  wild  enough  in  one  instance,  to 
affirm  that ''  barrows  were  not  the  tombs  of  agriculturists,  gardeners, 
masons,  or  carpenters,  but  of  chieftains  and  warriors"  (what  a  pity 
the  writer  did  not  include  bonnet-builders  and  caVs-meat  sellers  in 
his  list !) — and  content  ourselves  for  the  present  with  the  simple 
belief  that,  with  our  pre-historic  forefathers,  the  implements  I  have 
been  describing  were  used  for  any  purposes  for  which  they  could 
make  them  available,  whether  domestic  or  warlike. 

Of  their  age  it  may  be  sufficient  to  say  that  they  are  usually  found 
with  undoubted  remains  of  the  ancient  British  period,  and  in 
ancient  British  localities.  Occasionally,  too,  they  are,  as  it  is  natural 
to  expect,  found  with  Roman  remains  in  our  own  country.  They 
may,  there  can  be  no  doubt,  as  a  rule,  be  ascribed  to  the  Celtic 
period.  The  group  of  figures  at  the  head  of  this  article  exhibits 
most  of  the  types  I  have  alluded  to,  and  also  gives  representations 
of  spear-heads,  some  looped  in  the  manner  of  the  palstaves  and  the 
socketed  Celts,  and  others  without  loops.  Of  the  more  advanced 
of  these  as  well  as  of  bronze  swords,  I  shall  take  another  occasion  to 
speak. 

Of  the  mode  in  wldch  Celts  were  manufactured  we  are,  happily, 
not  left  to  conjecture,  for  many  moulds,  principally  of  stone,  in 
which  they  were  cast,  have  from  time  to  time  been  found.  One  of 
these  will  be  sufficient  for  my  present  purpose.  It  is  of  stone,  and 
contains  moulds  for  casting  four  Celts,  two  of  which  are  shown  on 
the  engraving.  It  is  in  the  Belfast  Museum.  The  subject  of  moulds 
is,  however,  too  great  a  one  for  my  present  paper. 

Before  closing,  it  will  be  well  to  mention  a  class  of  bronze  imple- 
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ments  whidi  can  only  have  been  intended  for  pnrposes  of  ;Var,  and 
which  are  of  rare  occurrence.  They  consist  of  a  socket,  or  rather 
ferule,  the  upper  part  of  which  is  armed  with  a  number  of  deadly 
Bpikea,   usually  in  three  rows,  alternately.      The   one  I  engrave 


Fig.  23. 
which  ia  in  the  Museum  of  the  Koyal  Irish  Academy,  will  explain 
their  general  form.  It  was  found  in  Ireland.  In  my  own  collection  is 
a  very  similar  one,  found  in  Derbyshire ;  and  others  are  preserved  in 
other  collections.  It  will  be  seen  that  thia  when  firmly  fixed  at  the 
head  of  a  wooden  shaft  would,  when  wielded  by  a  powerful  arm, 
be  one  of  the  most  terrible  of  weapons.  My  own  example  has 
been  attached  to  its  shaft  by  a  rivet,  and  three  of  its  spikes  (of 


Pig.  2B. 
which  there  wore  originally  twelve)  have,  at  the  time  when  it  was 
in  use,  been  broken  off  on  one  side  with  great  force. 

I  now  close  my  present  somewhat  discursive  paper,  and  shall 
hope  at  a  future  time  to  follow  it  ap  by  a  few  words  on  other  imple- 
meuts  of  bronze,  as  well  as  of  stone  and  of  iron. 
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THE  JUNIPER  PUNGOS  {PODISOMA). 

BT  HEKBY  J.  SLACE^  F.G.S.^  8SC.  B.M.8. 
(With  a  Coloured  JPlaie.) 

In  Aprilj  after  some  cold  nights^  I  first  noticed  a  great  outcrop  of 
the  yellowish-brown  fungus,  Podisoma^  on  several  "carpet  junipers^^* 
as  the  gardeners  call  them  in  my  grounds.  A  more  slender  form  of 
the  same  fungus  attacked  the  so-called  Irish  juniper  at  the  same 
time,  but  none  appeared  on  numerous  specimens  of  the  Juniperus 
Sinensis  growing  near  them,  nor  upon  the  Betinospora  ericoides 
which  formerly  ranked  with  the  junipers.  The  carpet  junipers  were 
so  infested  with  this  parasite  as  to  look  as  if  it  was  a  fruit  which 
they  had  produced  in  great  abundance.  Tufts  of  considerable  mag- 
nitude grew  out  of  the  branches,  bursting  up  through  the  bark, 
which  was  rendered  soft  and  pappy.  Similar,  but  somewhat  smaller 
tufts  sprang  abundantly  out  of  the  smaller  stems  and  among  the 
leaves.  The  form  of  this  podisoma  is  shown  in  the  accompanying 
plate,  and  its  texture  and  aspect  resembled  stiff  jelly^  or  size.  In 
many  places  the  edges  were  of  a  darker  brown,  from  the  large  quan- 
tity of  coloured  protosporescrowded  together  at  certain  points. 

The  tufts  of  podisoma  dried  up  in  a  few  days,  but  revived  on 
placing  portions  of  the  plant  on  which  they  grew  for  a  short  time 
in  water. 

The  "  Micrographic  Dictionary "  gives  a  picture  of  a  lobe,  if  I 
may  so  call  it,  of  this  fungus,  in  which  the  protospores  are  syme- 
trically  arranged  in  a  sheaf-like  form,  each  one  growing  at  the  end 
of  a  filament  of  the  length  required  to  form  a  regular  pattern. 
Nothing  of  the  kind  could  be  seen  in  my  specimens.  They  were 
full  of  protospores,  which  resembled  two  blunt  sugar  loaves 
stuck  together  at  their  bases  and  supported  on  filaments  of  all 
sorts  of  lengths.  The  greatest  quantity  of  rich  coloured  protospores 
were  aggregated  in  the  darker  rough-looking  edges,  but  on  cutting 
the  superficial  parts  away  with  a  pair  of  fine  scissors,  and  then  taking 
a  slice  out  of  the  middle  of  a  lobe,  abundance  of  protospores  were 
always  found.  Mycelium  threads  could  be  traced,  though  not  very 
easily,  in  the  softened  tissues  of  the  wood. 

Turning  to  the  books,  I  could  not  learn  very  much  about  these 
fungi. 

In  Berkeley's  "  Outlines  of  British  Fungology,''  the  podisomas 

*  Mr.  Mitchell,  of  the  celebrated  Pilt  Down  Nurseries  telle  me  the  botanical  name  of 
these  junipers  is  J.  squamata. 
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which  belong  to  the  order  Pucdnod,  are  described  as  having 
'^  peduncles  extremely  long,  agglutinated  by  gelatine  into  a  common 
stem,  spreading  out  above  into  a  clavariaeform  mass.  Spores  mostly 
uniseptate/^  Three  species  are  mentioned  :  ^'  P.  juniperi  communis, 
Fr.,  on  stems  of  common  juniper  j  P.  follicolum,  B.,  on  leaves  of 
common  juniper;  and  P.  juniperi-sahuuBy  on  stems  of  savin,''  of 
which  Mr.  Berkeley  gives  a  plate,  and  this  figure  much  resembles 
my  No.  1 . 

One  important  peculiarity  of  the  Puccinaei,  besides  their  being 
parasitic  on  hving  plants,  is  their  forming  primaryspores, ''  producing 
on  germination  secondary  spores/'  The  Puccinsai  belong  to  the 
division  of  Coniomycetes,  or  dust-like  fungi;  they  infest  a  great 
variety  of  plants,  and  one  of  them  is  the  farmer's  enemy,  the  mildew 
of  wheat. 

In  Fries's  systematic  work  I  only  found  descriptions  similar  to 
those  of  Berkeley,  and  in  Tulasne's  splendid  three  volumes  only 
brief  mention  of  this  genus.  In  Berkeley's  '^Introduction  to 
Cryptogamic  Botany  "  (p.  10),  is  a  sketch  of  podisoma  spores,*  and 
a  reference  to  the  third  volume  of  the  ''  Annals  of  Natural  History" 
{sec  series),  in  which  the  production  of  spores  from  protospores  is 
figured  and  described ;  but  the  details  subjoined  were  not 
mentioned. 

About  a  month  after  thp  first  outcrop  of  the  fungi  on  my  shrubs 
they  reappeared  in  great  force,  after  some  rain,  and  then  I  found 
nearly  all  the  protospores  had  thrown  out  prolongations,  as  in  Fig.  3, 
from  the  ends  of  which  spores  were  produced.  Many  of  the  pro- 
tospores were  quite  empty,  as  shown  in  Fig.  4,  surrounded  by  spores. 
Many  spores  had  produced  mycelium  threads. 

Fig.  5  represents  a  protospore  case  burst  at  one  end,  and  show- 
ing a  sort  of  nipple  in  the  middle  of  the  septum  dividing  the  upper 
from  the  lower  portion. 

Probably  a  considerable  check  would  be  given  to  the  growth  in 
subsequent  years  of  these  troublesome  parasites  if  they  were  com- 
pletely picked  off  the  trees  they  infest  on  their  first  appearance,  and 
before  they  had  produced  their  true  spores. 

In  Fig.  8  is  shown  a  curious  body  which  I  only  saw  twice.  They 
were  extremely  delicate  little  bladders  filled  with  minute  granules  in 
molecular  motion.  I  noticed  them  on  crushing  portions  of  the 
fungi  under  thin  glass  on  a  sHde. 

When  the  first  crop  appeared  on  the  carpet  junipers  there  were 
intermixed  with  the  spores  very  pale  tubes  shaped  hke  sausages,  some- 

*  The  a  in  this  figure  is  like  the  protospores  of  podisoma  i  h,  I  do  not  understand. 
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times  a  little  curved,  at  others  straight,  and  filled  with  fine  granules 
nearly  colourless.  I  had  to  leave  home  at  the  time,  and  could  not 
find  out  what  they  did  or  what  became  of  them. 

"When  these  fungi  were  placed  in  plain  water,  detached  from  the 
plant,  they  softened  and  slowly  decayed.  A  little  sugar  in  the  water 
preserved  them  longer,  but  did  not  make  them  comfortable.  One 
so  placed  softened  and  filled  the  fluid  with  small  floculent  particles. 
After  it  had  been  in  the  fluid  about  three  weeks  a  portion  of  the  fungus 
which  seemed  gradually  falling  to  pieces  was  placed  under  the  micro- 
scope and  found  to  contain  innumerable  minute  cells,  the  majority 
round  or  roundish,  which  when  magnified  240  diameters,  looked  from 
■yVth  to  4tli  of  an  inch  in  diameter.  There  were  also  multitudes 
of  uniseptate  cells  much  smaller  and  not  the  same  shape  as  the 
protospores  of  the  plant.  They  were  nearly  cylindrical  with  rounded 
ends,  contained  a  few  comparatively  large  granules,  and  were  equally 
divided  by  a  thin  transparent  septum.  In  size  they  were  about 
1-900''  in  diameter.  There  were  likewise  abundance  of  myceUum 
threads,  jointed  tubes,  etc. 

I  have  not  given  these  fungi  specific  names  because  I  find  the 
systematists  seem  to  have  considered  slight  difierences  of  form  and 
colour,  coupled  with  the  consideration  of  what  juniper  a  particular 
specimen  grew  upon,  sufficient  to  erect  their  species.  I  should  have 
thought  my  two  specimens  were  only  varieties,  as  their  internal 
structure,  mode  of  growth,  etc.,  is  the  same. 

DESCRIPTION  OF  PLATE. 

Fig.  1, — Podisoma  on  carpet  juniper  (/.  squamata),  slightly 
enlarged. 

Fig.  2. — ^Podisoma  on  Irish  juniper  (/.  Eibemica),  plightly 
enlarged. 

Fig.  3. — Protospores  from  P.,  on  Irish  juniper,  sending  forth 
tubular  expansions  to  form  the  true  spores  +  240. 

Figs.  4,  5,  6,  7. — Empty  protospore  cases,  one  burst  at  one  end 
and  one  surrounded  by  spores  +  720  and  1,000. 

Fig.  8. — ^Thin  vesicle  with  particles  in  molecular  motion. 
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ON  POISONS. 

BY   F.    S.   BABFF^    M.A. 
(Chritt  ColLy  Cambridge)^ 
Fellow  of  the  Cambridge  Philosophical  Societj. . 

No.  III. 

Of  all  the  benefits  to  be  derived  from  a  more  extended  knowledge 
of  chemistry,  one  can  hardly  conceive  a  greater  than  the  influence 
which  it  must  have  on  the  afiairs  of  common  life.    We  constantly 
use    materials,  which   may,  from  want  of  caution,  cause  serious 
evils,  if  not  endanger  life.      Substances  are  used  in  the  prepara- 
tion  of  food,   and  even  in  its  adulteration,  which  are  extremely 
deleterious.     A  knowledge  of  the  properties  of  these  substances, 
and  how  they  may  be  employed  without  danger,  and  under  what 
circumstances  they  become  dangerous,  is  of  the  utmost  importance. 
If  persons  generally  could  by  simple  processes  detect  certain  adul- 
terations in  articles  of  food,  they  would  cease  to  be  used,  for  the 
fear  of  detection  would  render  their  employment  very  hazardous 
to  the  adulterator.     A  person  who  uses  copper  cooking  vessels, 
knows  that  cleanliness  is  absolutely  necessary,  but  he  does  not 
know  that  other  precautions  besides  this  must  be  taken  to  prevent 
the  food  cooked  in  them  from  becoming  impregnated  with  copper. 
Copper  is  not  what  chemists  call  an  active  metal.     If  copper  be  put 
in  a  solution  of  hydric  chloride,  from  which  the  air  has  been  expelled 
by  boiling,  so  that  no  oxygen  be  present,  and  if  the  botftle  in  which 
it  is  placed  be  carefully  corked  so  as  to  exclude  air,  the  copper  will 
remain  unchanged  for  some  time ;  slowly,  however,  it  will  become 
dissolved,   that  is,   it  will  replace   the  hydrogen   in    the    hydric 
chloride  and  form  a  green  liquid  called  cupric  chloride,  the  hydro- 
gen gas  being  set  free.     Hydric  chloride  is  formed  of  one  part  by 
weight  of  hydrogen,  and  thirty-five  and  a  half  parts  of  chlorine ; 
sixty-three  and  a  half  parts  by  weight  of  copper  replace  the  one 
part  by  weight  of  hydrogen,  so  that  ninety-nine  parts  of  cupric 
chloride  are  formed.     If  the  experiment  be  performed  in  the  same 
way;  but  if  the  vessel  containing  the  copper  and  hydric  chloride 
be  left  open,  then  the  action  will  be  much  more  rapid ;  the  liquid 
will  become  green  in  a  very  short  time,  showing  that  the  presence 
of  air  facilitates  the  combination  of  the  copper  and  chlorine.     In 
the  acid  liquid,  in  the  presence  of  air,  or  free  oxygen,  the  copper 
becomes  oxidised,  or  converted  into  oxide,  and  the  oxide  is  rapidly 
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acted  upon  by  the  hydric  chloride — the  hydrogen  of  which  is  not 
now  set  free,  but  unites  with  the  oxygen  of  the  cupric  oxide.  If  a 
small  quantity  of  the  black  oxide  of  copper  be  put  into  a  vessel 
with  hydric  chloride,  a  green  liquid  is  immediately  obtained.  These 
experiments  are  easily  performed,  and  well  illustrate  the  value  of 
chemical  knowledge,  for  they  explain  under  what  ordinary  cir- 
cumstances danger  may  arise  from  the  use  of  copper  cooking 
vessels.  Cold  water  absorbs  gases,  in  various  proportions  accord- 
ing to  their  solubility ;  this  is  seen  in  the  case  of  a  bottle  of  soda 
water.  Under  pressure  the  water  holds  in  solution  a  large  quantity 
of  a  gas,  called  carbonic  acid,  which  escapes  in  part  when  the  cork 
is  removed ;  but  after  the  soda  water  has  got  what  is  called  flat,  if 
it  be  warmed,  bubbles  of  gas  will  be  seen  to  rise  to  the  surface,  and 
a  volume'  of  carbonic  acid,  about  equal  to  the  volume  of  the  water, 
may  be  obtained  with  care.  Water  dissolves  about  three  per  cent,  of 
oxygen,  at  the  ordinary  temperature  of  the  air,  but  when  boiled  all 
the.  oxygen  is  expelled.  When,  then,  a  liquid  containing  an  acid 
substance,  which  will  dissolve  oxide  of  copper  is  boiled  in  a  copper 
vessel,  if  no  free  oxygen  be  present,  no  oxide  will  be  formed ;  but 
if  the  liquid  be  allowed  to  cool  it  absorbs  oxygen  from  the  air, 
and  oxide  is  formed,  which  is  dissolved  by  the.  acid  liquid.  In  a 
case  mentioned  in  the  last  article,  a  woman  and  her  daughter  were 
poisoned  by  eating  sour  krout ;  but  the  sour  krout  had  been  allowed 
to  get  cool  and  stand  for  two  hours  in  the  copper  vessel,  here  the 
copper  became  oxidized  during  the  two  hours,  and  was  dissolved 
by  the  acid  of  the*cabbage.  Whenever  acid  substances  are  boiled 
in  copper  vessels,  at  the  junction  of  the  surface  of  the  liquid  with 
the  vessel,  some  oxide  of  copper  must  be  formed  and  dissolved. 
German  silver,  of  which  spoons  and  forks  are  made,  which  is  an 
alloy  of  copper,  zinc,  and  nickel,  containing  nearly  half  its  weight  of 
copper,  should  be  used  with  caution.  A  case  is  recorded  of  a  lady 
who,  after  partaking  of  eels  at  dinner,  was  seized  with  headache, 
nausea,  vomiting^  and  colic.  The  eels,  of  which  she  had  eaten,  had 
been  cooked  in  an  earthen  vessel  with  butter  and  vinegar,  a  spoon 
had  been  used  and  left  standing  in  the  compound ;  the  spoon  was 
of  German  silver.  On  analysis  it  was  found  that  some  of  the 
copper  in  the  spoon  had  been  dissolved,  and  had  got  mixed  with 
the  food ;  the  spoon  was  well  cleaned,  and  placed  in  a  hot  mixture 
of  bread,  butter,  and  vinegar,  half  an  liour  after  the  mixture  had 
got  cold,  green  spots  were  seen  on  it,  and  in  twelve  hours  the  spoon 
was  quite  green,  as  well  as  the  butter  in  contact  with  it.*  Not  long 

•  Caae  recorded  hy  Dr.  Taylor. 
VOL.   I.  N.S. — NO.   III.  U 
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ago,  copper  was  largely  employed  to  give  a  green  colour  to 
pickles.  One  would  fear  that  the  practice  was  not  altogether  dis- 
oontinned,  from  the  fact  that  some  manufacturers  find  it  necessary 
to  state  on  their  labels  that  their  pickles  are  free  from  copper. 
From  what  has  already  been  said,  it  is  easy  to  conceive  that  copper 
may  be  present  in  pickles  without  being  placed  in  them  fraudulently, 
if  copper  vessels  are  used  in  their  preparation.  It  is  almost  im- 
possible to  conceive  how,  under  such  circumstances,  copper  can  be 
entirely  absent,  and  the  quantity  must  depend  on  the  care  taken  by 
the  workmen.  It  is  most  desirable  that  all  pickles  should  be  tested 
before  being  used ;  a  method  for  doing  this  will  be  given  when  the 
analysis  for  copper  is  described.  On  the  continent,  some  few 
years  ago,  it  was  discovered  that  a  salt  of  copper  was  used  in 
making  bread,  to  assist  the  process  of  fermentation.  When  em- 
ployed in  small  quantities  it  is  said  to  make  the  bread  much 
lighter,  and  of  a  very  white  colour.  In  larger  quantities  its 
presence  could  be  detected,  by  the  bluish  colour  it  imparts  to  the 
bread. 

In  1829  and  1830  the  Belgian  Government  employed  M.  Barruel, 
M.  Gauthier,  M.  Claubery,  and  M.  Kuhlmann,  to  investigate  a 
report  that  sulphate  of  copper  was  mixed  with  the  bread  in  Bruges. 
They  discovered  that  in  1816  and  1817,  this  salt  of  copper,  under  the 
name  of  alum-blue,  was  first  employed  by  the  bakers  to  raise  their 
bread ;  and  had  since  been  employed  very  generally.  Bread  made  in 
this  manner  was  examined,  and  small  pieces  of  crystallized  sulphate 
of  copper  were  found  in  it,  when  this  was  the  Case,  the  bread  had  a 
blue  tinge.  On  chemical  analysis  copper  was  readily  detected. 
Foreign  syrups  are  also  sometimes  adulterated  with  copper.  Sul- 
phate of  copper  is  used  to  decolourize  the  common  sugar  of  which 
they  are  made.  The  copper  is  precipitated  by  lime  from  the  syrup ; 
but  this  is  not  always  completely  done,  and  some  of  the  copper  salt 
remains  behind  undecomposed.  These  syrups  have  sometimes  been 
the  cause  of  serious  consequences  to  those  who  have  partaken  of 
them. 

Sulphate  of  copper  is  used  in  medicine,  sometimes  as  an  emetic ; 
for  this  purpose  it  is  found  useful  where  narcotic  poisons  have  been 
taken.  It  was  strongly  recommended  in  cases  of  chronic  diarrhoea 
by  the  late  Dr.  Elliotson,  when  combined  with  opium,  bn  account 
of  its  astringent  properties.  The  opium  is  used  to  prevent  pains^ 
which  are  caused  when  the  sulphate  of  copper  is  used  by  itself; 
Dr.  Elliotson  found  that  given  in  half  grain  doses  twice  or  three 
times  a  day,  it  had  a  very  beneficial  effect^  and  succeeded  where 
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other  astringent  remedies  had  altogether  failed.  It  has  been  em- 
ployed with  success  in  cases  of  epilepsy,  where  the  disease  has 
resulted  from  sadden  shocks  to  the  nervoas  system.  In  these  cases 
its  tonic  eflFects  have  been  very  marked.  Dr.  Urban  relates  the 
case  of  a  lady,  who  had  never  suffered  from  epilepsy,  but  who,  on 
hearing  of  the  sudden  death  of  her  husband,  was  attacked  by  this 
disease.  She  recovered  after  gradual  treatment  with  sulphate  of 
copper — the  quantity  she  took  was  altogether  twenty-six  grains.  Its 
action,  as  an  astringent  in  <liarrhoea,  seems  to  be  local,  but  its  tonic 
effects  in  nervous  disorders  are  evidently  the  result  of  abisorption 
into  the  system.  Sulphate  of  copper  has  been  used  with  success  in 
oases  of  croup.  German  physicians  of  great  eminence  have  given 
their  testimony  in  favour  of  its  use  in  this  disease,  in  doses  of  half 
a  grain  and  under.  It  is  stated  that,  in  nearly  fifty  cases,  only 
four  were  lost,  when  treated  with  this  medicine,  leeches  being  at  the 
fiame  time  applied  to  the  neck.  Externally,  both  the  sulphate  and 
nitrate  of  copper,  act  as  escharotics.  In  solution  the  sulphate  has 
styptic  properties,  and  is  useful  in  stopping  hsemorrhage.  But  care 
is  necessary  in  its  external  application.  Animals  have  been  killed 
when  it  has  been  applied  externally.  Dr.  Duncan  killed  a  dog  in 
twenty-hour  hours  by  applying  sulphate  of  copper  to  a  wound. 

The  symptoms  produced  by  poisonous  doses  of  soluble  copper 
salts  are  very  similar  to  those  produced  by  arsenic  and  corrosive 
aublimate,  there  are,  however,  differences  which  will  be  noticed 
presently.  lu  copper,  as  in  arsenical  poisoning,-  there  are  local  and 
remote  symptoms.  The  local  are  produced  by  the  irritating  effects 
of  this  escharotic  substance.  Like  arsenic,  copper  salts  seem  to 
adhere  to  the  mucous  surfaces  and  set  up  inflammatory  action. 
When  death  takes  place  slowly,  these  appearances  are  more  marked. 

• 

That  copper  is  taken  up  by  the  blood,  has  been  proved  by  experi- 
ments on  animals,  and  when  acting  through  this  medium  on  the 
system,  the  heart's  action  is  interfered  with — it  loses  its  contractile 
power,  and  after  death,  red  blood  is  found  in  its  cavities.  Difficulty 
of  breathing,  palsy  of  the  lower  extremities,  tetanic  spasms,  and  a 
general  derangement  of  the  nervous  system  are  the  results  of  its 
introduction  into  the  circulation.  When  two  grains  of  verdigris 
dissolved  in  water  were  injected  into  the  jugular  vein  of  a  dog,  they 
caused  vomiting  in  seven  minutes,  then  rattling  in  the  throat,  and 
in  half  an  hour  death.  There  were  no  particular  morbid  appear- 
ances found  in  the  body  after  death.  Half  a  grain  killed  a  dog  in 
four  days ;  and  iu  addition  to  the  preceding  symptoms,  there  was 
palsy  of  the  hind  legs  for  a  day  before  death.     Six  grains  of  sul- 
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phate  of  copper,  introduced  into  the  stomach,  killed  a  dog  without 
producing  any  appearance  of  inflammation.*  The  symptoms  which 
peculiarly  characterise  poisoning  by  copper  salts,  and  which  distin- 
guish its  effects  from  those  of  other  irritant  poisons,  are  the  peculiar 
taste  of  the  metal,  which  persists,  even  after  the  person  is  out  of 
danger,  and  in  jaundice,  which  is  often  induced  by  over  doses  of 
copper  salts.  A  case  is  given  by  Dr.  Christison  illustrative  of  the 
slighter  forms  of  poisoning  with  copper.  Two  women  and  two 
young  men  eat  of  an  acid  confection  made  in  a  copper  vessel.  The 
two  women  suffered  from  severe  headache,  constriction  of  the  throat, 
nausea,  colic,  and  extreme  weakness.  The  young  men,  who  had 
eaten  more  freely  of  the  confection,  had  for  some  hours  excruciating 
colic,  severe  pain  in  the  mouth  and  throat,  impeded  breathiug,  and 
hurried  irregular  pulse ;  and  for  twenty-four  hours  they  suffered 
severely  from  headache  and  prostration  of  strength.  The  matters 
ejected  from  the  stomach  are  often  of  a  green  or  bluish  colour,  and 
sometimes  this  tint  is  communicated  to  the  skin,  especially  about 
the  eyes.  After  death  the  skin  is  often  yellow,  and  the  internal 
parts  exhibit  the  effects  of  an  irritant  poison  in  a  marked  degree. 
Sometimes  the  action  has  been  so  violent  as  to  cause  perforation  of 
the  intestines.  Very  frequently  masses  of  green  matter  are  found, 
owing  to  the  presence  of  particles  of  copper  salts.  The  best  treat- 
ment that  can  be  employed  is,  after  using  the  stomach-pump,  to 
administer  soothing  drinks.  Albumen  (white  of  egg),  forms  in- 
soluble compounds  with  the  salts  of  copper,  and  is  therefore  recom- 
mended as  an  antidote.  It  must,  however,  be  given  in  large  doses. 
Sugar  was  at  one  time  supposed  to  be  a  good  antidote,  but  there 
are  great  diversities  of  opinion  on  the  subject.  The  idea  originated 
with  the  fact  that  sugar  precipitates  copper  from  solutions  of  its 
salts,  as  the  red  suboxide. 

The  results  of  experiments  performed  on  animals  are  by  no 
means  satisfactory,  and  it  will  be  seen  presently,  that  the  conditions 
under  which  the  red  oxide  of  copper  is  formed,  are  not  very  likely 
to  exist  in  the  stomach  of  an  animal.  Metallic  iron  is,  doubtless, 
a  good  antidote,  the  iron  precipitates  copper  as  metal  from  its 
solutions,  and,  as  metal,  it  is  harmless.  The  iron  should  be 
administered  in  the  form  of  filings.  Care  should  be  taken  not  to 
administer  acids,  as  they  dissolve  the  compounds  which  copper 
salts  form  with  organic  substances.  The  analysis  for  copper  is  easy, 
unless  it  exist  in  the  form  of  organic  compounds.  We  shall  leave 
the  consideration  of  these  complications  to  be  treated  of  in  another 

*  Cases  recorded  by  Orfila,  quoted  by  Dr.  Christison. 
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article.  Copper  salts,  as  they  are  usually  presented  to  us,  are 
either  blue  or  green  in  colour,  and  are  usually  prepared  by  dis- 
solving the  oxide  in  hydrogen  salts.  As  has  been  already  stated,  the 
metal  is  but  slightly  soluble  in  hydric  chloride,  and  dissolves  but 
slowly  in  hydric  sulphate.  The  red  colour  and  peculiar  disagreeable 
smell  of  copper  is  familiar  to  all.  It  is  soft  and  ductile,  and  from 
the  ease  with  which  it  can  be  worked,  and  from  its  chemical  pro- 
perties it  and  its  compounds  are  largely  used  in  arts  and  manufac- 
tures. Metallic  copper  is  precipitated  from  solutions  of  its  salts  by 
iron.  Cementation,  in  the  metallurgy  of  copper,  is  the  application 
of  this  process  to  the  extraction  of  the  metal  from  its  ores.  Very 
minute  traces  of  copper  can  be  detected  in  solutions  by  its  reduc- 
tion by  iron.  Suppose  auy  substance,  say  for  instance  some 
ordinary  pickles,  are  thought  to  contain  copper,  if  a  few  bright 
needles  be  placed  in  some  of  the  contents  of  the  bottle  containing 
them,  if  copper  be  present,  it  will  be  precipitated  on  the  needles, 
and  will  coat  them  with  a  thin  film  of  that  metal.  If  the  needles 
be  carefully  dried  by  blotting  paper,  and  placed  in  an  open  vessel 
containing  ammonia  solution,  the  copper  will  be  gradually  oxidized 
and  dissolved  by  the  ammonia,  and  the  liquid  will  acquire  a  blue 
tint,  which  will  be  deep  or  light  in  proportion  to  the  quantity  of 
copper  present.  This  is  an  experiment  which  can  be  very  easily 
performed,  and  will  never  fail  to  detect  copper,  if  it  be  present  in 
quantities  sufficiently  large  to  be  injurious  to  health.  Copper  forms 
two  compounds  with  oxygen,  one,  in  which  sixty-three  and  a  half 
parts  of  it  by  weight  unite  with  sixteen  of  oxygen.  This  substance 
is  a  black  powder  usually  obtained  by  heating  the  nitrate  until  red 
fiimes  cease  to  be  given  oflF.  It  is  also  formed  when  copper  is 
heated  in  air  or  [oxygen. 

The  rust  of  copper  is  not  oxide,  but  a  green  basic  carbonate ; 
it  is  this  which  gives  the  beautiful  colour  to  ancient  bronzes.  Copper 
does  not  oxidize  in  moist  air,  nor  is  it  able  to  take  the  oxygen  from 
steam,  A  current  of  dry  hydrogen  passed  over  its  oxide,  when  at 
a  red  heat,  deprives  it  of  its  oxygen,  water  being  formed,  and  pure 
metallic  copper  being  left.  If  this  finely  divided  copper  be  heated 
in  air  it  bums  readily,  and  in  this  way  it  is  used  as  a  means  of 
taking  oxygen  from  its  mixture  with  nitrogen,  in  an  analysis  of 
atmospheric  air.  If  black  oxide  of  copper  be  melted  with  glass,  it 
imparts  to  it  a  beautiful  green  colour,  and  is  for  this  purpose 
largely  employed  in  the  manufacture  of  coloured  glasses.  When  a 
solution  of  caustic  potash  is  added  to  a  solution  of  cupric  sulphate, 
a  bluish  green  precipitate  is  thrown  down,  which  is  the  hydrated 
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oxide  of  copper ;  excess  of  potash  does  not  dissolve  it.  On  boiling' 
the  mixture,  the  blue  precipitate  becomes  black,  it  ceases  to  be  the 
hydrated  oxide,  and  becomes  the  black  oxide  of  copper.  It  is 
strange  that,  in  the  presence  of  water,  cupric  hydrate  should 
become  de-hydrated.  The  action  of  a  solution  of  ammonia  on 
copper  salts,  is  at  first  similar  to  that  of  caustic  potash,  a  blue 
hydrate  is  precipitated  by  it,  but  when  added  in  excess,  the  precipi- 
tate is  dissolved,  and  a  clear  transparent  deep  blue  solution  i& 
formed.  This  action  of  ammonia  is  made  use  of  in  testing  for 
copper.  If  a  few  drops  of  a  very  dilute  solution  of  cupric  sulphate 
be  dropped  on  white  paper  and  dried,  they  will  hardly  discolour  it  at 
aJl,  but  when  a  solution  of  ammonia  is  applied,  they  will  directly 
become  visible  and  of  a  blue  colour.  A  colourless  liquid  will 
immediately  acquire  a  blue  tint  on  the  addition  of  ammonia  if  it 
contain  a  cuprio  salt.  This  test  taken  alone  might  mislead  the 
analyist — as  nickel  salts  behave  in  a  similar  manner  when  treated  by 
ammonia.  It  requires,  however,  much  more  of  a  nickel  than  of  a 
copper  salt,  to  produce  a  blue  of  the  same  depth,  the  nickel  blue 
is  also  more  violet  in  colour.  The  toxicologist  would  find  no  diffi- 
culty in  distinguishing  between  the  two,  the  precipitation  of  the 
metal  copper  on  iron,  the  ferrocyanide  reaction,  which  will  be 
described  immediately,  together  with  its  behaviour  with  potassic 
cyanide,  sufficiently  indicate  the  diflTerence  between  copper  and 
nickel,  to  prevent  any  mistake  arising  in  an  analysis,  if  due  caution 
be  used.  The  most  delicate  test  for  copper  is  the  ferrocyanide  of 
potassium,  it  gives  a  brown  precipitate,  or  if  the  quantity  of 
copper  salt  present  be  very  minute  indeed,  a  brown  discolouration  in 
acid  solutions,  the  precipitate  is  said  to  be  dissolved  by  ammonial 
Copper  chemically  combined  with  arsenic,  as  cupric  arsenite,  is 
largely  employed  as  a  pigment ;  it  is  that  beautifully  bright  green 
which  is  used  in  room  papers.  If  a  few  drops  of  ammonia  be  placed 
on  a  piece  of  such  paper,  the  green  will  be  changed  to  blue  by  the 
ammonia,  and  the  presence  of  copper  being  thus  proved,  that  of 
arsenio  may  be  fairly  inferred.  In  analysing  for  copper;  it  is« 
always  usual  to  pass  sulphuretted  hydrogen  gas  through  the  liquid ;, 
when  this  is  done  a  brown  sulphide  is  deposited.  After  the 
sulphide  is  washed,  it  is  dissolved  in  hydric  nitrate ;  and  here  the. 
blue  colour  of  cupric  salts  shows  itself  at  once,  or  is  made  apparent 
on  the  addition  of  ammonia.  The  compounds  of  copper  which  are 
usually  met  with,  are  the  basic  acetate  or  artificial  verdigris.  The 
copper  in    this    salt    may    be    found    by  the   processes    already 
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described^  and  the  acetate  may  be  discovered  by  its  odour,  or  with 
greater  certainty  by  heating  the  salt  with  alcohol  and  hydric 
sulphate,  when  acetic  ether  will  be  set  free,  which  is  known  by  its 
peculiar  and  agreeable  smell. 

The  carbonate  of  copper,  a  basic-salt,  which  is  formed  by  the 
action  of  moist  air  on  metallic  copper,  and  which  is  found  native 
as  malachite,  when  treated  with  hydric  chloride  is  dissolved; 
the  eJBTervescence  which  occurs  indicates  the  presence  of  carbonic 
acid,  which  may  be  confirmed  by  the  white  precipitate  obtained, 
if  the  gas  be  passed  into  lime  water.  The  sulphate  of  copper, 
called  also  blue  vitriol  and  blue-stone,  has  been  already  described  ; 
the  presence  of  the  sulphate  may  be  determined  by  the  white  pre- 
cipitate which  is  thrown  down  from  its  solution  by  basic  chloride, 
which  precipitate  is  insoluble  in  hydric  nitrate,  and  in  hydric  chlo- 
ride. Nitrate  of  copper  is  a  salt  whose  crystals  have  a  deep  blue 
colour;  they  are  extremely  deliquescent.  The  presence  of  the 
nitrate  in  this  salt  may  be  determined  by.  the  reaction  already  given 
at  p.  182.  Cupric  chloride  is  green;  it  is  very  soluble  in  water. 
The  method  of  detecting  chlorides  has  been  explained  at  p.  178. 
These  are  the  most  important  salts  of  copper  which  have  been,  or 
might  be,  used  as  poisons,  and  in  each  one  of  them  the  method  of 
testing  for  that  metal  is  the  same  as  that  already  described.  There 
are,  however,  compounds  of  copper  which,  although  they  are  not 
likely  to  be  used  as  poisons,  are  of  sulBScient  interest  to  deserve  a 
brief  notice  here.  When  freshly  precipitated  cupric  hydrate  is 
treated  with  ammonia,  it  is  dissolved,  and  a  deep  blue  liquid  is 
formed  which  has  the  property  of  dissolving  woody  fibre.  If  some 
clean  cotton  wool — which  is  the  purest  form  of  woody  fibre — ^be 
shaken  up  with  this  ammoniacal  solution  of  cupric  hydrate,  it  is 
slowly  dissolved,  and  can  be  again  precipitated  as  a  gelatinous  mass 
by  the  addition,  to  neatralization,  of  hydric  chloride.  The  salts  only 
of  the  higher  oxide  of  copper  have  hitherto  been  noticed  :  there  is 
a  lower  oxide  of  copper  which  is  composed  of  one  hundred  and 
twenty-seven  parts  by  weight  of  copper  to  sixteen  parts  of  oxygen. 
This  oxide  is  of  a  reddish-brown  colour,  and  its  principal  use  is  in 
glass-making.  It  produces  the  beautiful  ruby-colour,  so  well-known 
;  in  stained  glass  windows.     The  salts  of  this  oxide  are  not  blue,  but 

!  white ;  cupreous  chloride  is  a  white  solid,  insoluble  in  water,  but 

I  soluble  in  hydric  chloride.     By  decomposing  cupreous  chloride  with 

potash,  the  red  oxide  may  be  obtained ;  but  the  more  ready  way  is 
to  precipitate  it  from  an  alkaline  solation,  containing  caprio  oxide. 
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by  means  of  grape  sugar.     The  presence  of  organic  matter  in  a 
solution    of  cupric  sulphate,  prevents  the  precipitation  of   cupric 
hydrate  by  potash ;  but  if  grape  sugar  be  boiled  with  the  mixture, 
the  higher  oxide  is  reduced   to  the  lower,  which  is  precipitated. 
Grape   sugar  exists   naturally  in   many   fruits ;   it  is  found  crys- 
tallized in  raisins,  but  it  can  be  prepared  by  boiling  common  cane 
sugar  with  dilute  hydric  sulphate.      It  acts  as  a  reducing  agent, 
taking  oxygen  from  bodies  which  do  not   hold    it  combined  too 
strongly.  Now  these  reactions  are  extremely  interesting,  as  bearing 
upon  a  matter  which  has  already  been  alluded  to.     It  was  said  that 
sugar  has  been  considered  an  antidote  for  copper,  inasmuch  as  it 
causes  its  precipitation  as  the  red  oxide.      The  sugar  which  pro- 
duces this  effect  is  grape  sugar,  not  cane  sugar,  which  has   no  such 
action,  and  the  circumstances  under  which  grape  sugar  does  it  are 
not  such  as  are  likely  to  exist  in  the  human  stomach.     Again,  the 
fact  that  cupric  oxide  is  not  precipitated  by  potash  in  the  presence 
of  organic  matter  is  also  important,  as  it  shows  that  unless  organic 
matter  be  destroyed,  copper  cannot  be  discovered  unless  it  be  in 
excess  of  the  organic   matter  present.      Cupreous  hydrate  is  like 
cupric  hydrate,  soluble  in  ammonia,  but  its  solution  is  colourless,  not 
blue ;  when,  however,  it  is  exposed  to  free   oxygen,  for  ever  so 
short  a  time,  the  lower  oxide  becomes  oxidized  into  the  higher, 
and  a  blue  colour  appears ;  this  solution,  therefore,  is  a  most  excel- 
lent test  for  free  oxygen.     When  cupric  salts  are  heated,  so  as  to 
drive  off  their  water  of  crystallization,  they  become  white,  and  in 
this  condition   they   rapidly  take  up  moisture,  and  become   blue 
again.     This  property  is  often  made  use  of  in  the  laboratory  for 
taking  water  from  alcohol.     Any  part  of  the  water  can  be  abstracted 
from  spirits  of  wine  by  distillation ;  about  ten  per  cent,  remains 
behind,  and  this  is  frequently  got  rid  of  by  distillation  from  dry 
cupric  sulphate.     If  it  be  desired  to  detect  the  presence  of  moisture 
in  any  substance,  supposed  to  be  dry,  this  white  cupric  sulphate  will 
do  it  with  unerring  certainty,  for  the  slightest  trace  of  moisture 
will  cause  it  to  assume  a  blue  colour.     A  difficulty  has  arisen  in 
medico-legal  investigation  from  the  fact  that  copper  has  been  proved 
to  exist  in  the  blood  and  tissues  of  the  body,  as  well  as  in  many 
kinds  of  food  which  are  taken  for  its  nourishment.     The  brown 
paper,  in  which  articles  are  wrapped  up,  has  been  proved  by  Gahn  to 
contain   copper.     Eose   detected   copper   in  sugar,   Meisner   and 
Bucholz  discovered  that  it  was  naturally  present  in  several  kinds  of 
vegetables.     The  wheat,  from  which  our  bread  is  made,  before  it 
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has  received  any  further  adulteration,  has  been  proved  by  an  emi- 
nent Dutch  chemist  (M,  Lefebvre),  to  contain  copper.  The 
researches,  however,  of  M.  Boutigny,  have  gone  far  to  allay  any 
apprehension  which  might  exist  as  to  danger  to  health  arising  from 
the  occurrence  of  this  poisonous  mineral  in  articles  of  food,  for  he 
found  that  substances,  such  as  wheat,  vegetables,  etc.,  only  contain  it 
when  they  are  grown  in  a  soil  into  which  it  has  been  introduced  as 
manure,  and  that  the  manure  from  large  towns  almost  invariably 
contains  copper,  but  that  it  exists  in  it  in  such  minute  quantities 
that  it  cannot  possibly  produce  any  serious  eJBPects  on  the  health  of 
those  who  consume  the  food  which  grows  in  soils  fertilized  by  it. 

The  presence  of  copper  in  the  tissues  of  the  body,  where  none 
has  been  taken,  does  not  seriously  affect  the  analysis  for  copper  when 
administered  in  poisonous  doses,  because  it  has  been  found  by  M. 
Devergie  that  weak  acetic  acid  will  not  dissolve  that  copper  which 
exists  in  the  body  naturally,  and  M.  Orfila  asserts  that  such  copper 
is  only  to  be  obtained  from  the  matters  with  which  it  is  combined 
by  absolute  incineration. 
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As  soon  as  the  human  mind  is  penetrated  by  the  fact  that  the  stars 
and  planets  which  spangle  the  heavens  are  something  more  than 
night^s  candles,  speculation  makes  them  the  abode  of  some  kind  of 
intelligence  or  power.  In  very  early  days  of  human  history,  astro- 
logy assigned  the  planets,  or  '^wanderers/'  to  various  deities  as 
habitations.  Sirius  received  divine  honours  from  the  Egyptians, 
from  the  association  of  a  particular  rising  of  the  star  with  the  great 
annual  event  of  that  country,  the  overflow  of  the  Nile ;  and  we  are  all 
familiar  with  the  question  in  Job,  ''Canst  thou  bind  the  sweet  influence 
of  the  Pleiades,  or  loose  the  bands  of  Orion  ?  ^'  But  whatever 
ideas  the  ancients  had  of  the  importance  of  celestial  bodies,  it  was 
reserved  for  Newton  and  his  successors  to  form  accurate  notions  of 
the  size  and  weight  of  the  Sun  and  his  attendants,  and  we  are  just 
now  beginning  to  compute,  upon  probable  data,  the  masses  of  some 
of  the  fixed  stars. 

The  conception  of  the  planets  as  globes  more  or  less  resembling 
our  own  Earth  was  naturally  followed  by  the  supposition  that  they 
were  inhabited  by  creatures  analogous  in  organization  to  the  earth- 
born  forms  around  us,  and  the  history  of  speculation  and  contro- 
versy in  connection  with  this  subject  afibrds  curious  illustrations  of 
cautious  reasoning  and  wild  fancy,  devout  contemplation,  and  super- 
stitious absurdity.  Mr.  Proctor,  taking  advantage  of  the  most 
recent  discoveries,  has  carried  the  subject  much  further  than 
Whewell  and  Brewster,  and  has  displayed  in  this,  and  in  other 
branches  of  his  subject  a  very  remarkable  capacity  for  original 
thought.  He  has  succeeded  in  uniting  qualities  rarely  found  in 
the  same  work,  which  are  only  reconciled  by  really  great  thinkers — 
the  charm  of  popularity  and  the  profoundity  of  research.  Any 
one  of  ordinary  education  may  read  ''  Other  Worlds  "  with  delight, 
and  find  little  he  cannot  easily  understand,  while  to  the  scientific 
student  it  will  commend  itself  as  the  most  remarkable  book  of  the 
day,  for  the  boldness  of  its  speculation  and  the  harmony  of  its 
results.  We  do  not  say  that  Mr.  Proctor  is  right  in  all  the  new 
views  and  theories  he  brings  before  us,  but  he  stands  alone  amongst 
the  rising  generation  of  astronomers  for  the  extent  to  which  he 
pushes  inductive  reasoning,  and  the  broad  flood  of  light  which  he 

*  '*  Other  Worlds  than  Ours :  the  Plurality  of  Worlds  studied  tinder  the  Light  of 
Eccent  Scientific  Researches.**  By  Richard  A.  Proctor,  F.R.A.S.,  author  of  "  Saturn 
and  his  System,"  "Sun  Views  of  the  Earth,"  "Half  Hours  with  the  Telescope,"  etc. 
(Longmans.) 
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skeds  over  extensive  groups  (rf  facts  left  by  other  philosophers  in 
unprofitable  disconnection.  He  possesses  that  combination  of  the 
analytical  and  synthetical  faculties  which  has  given  such  a  lustre  to 
the  name  of  Herschel,  and  which  is  so  splendidly  exhibited  in  the 
labours  of  Lyall  and  Darwin.  It  was  [because  we  recognized  this 
quality  in  Mr.  Proctor  that  we  gave  him  so  much  space  in  the 
Intellectual  Observer  and  in  the  Student  when  he  was  compara- 
tively unknown;  and,  although  prophecies  are  safest  when  they 
follow  the  event,  we  do  not  hesitate  to  express  our  belief  that  his 
labours  will  have  a  most  important  influence  in  the  progress  of 
astronomy,  and  will  eventnate  in  considerable  modifications  of 
scientific  thought. 

There  are  two  classes  of  speculation  which  man  may  legitimately 
indulge  in  concerning  the  habitability  of  other  worlds — the  one 
strictly  scientific,  the  other  more  or  less  fanciful  and  poetic.  When 
positive  science  leaves  us,  we  may  imagine  that  "millions  of 
spiritual  creatures  walk  the  earth  unseen,^^  and  we  may  locate  them 
in  regions  where  no  organized  beings  that  the  anatomist  could 
dissect,  or  the  microscopist  examine,  could  possibly  exist.  There 
may  also  be  animals  capable  of  existence  under  conditions  of  heat 
or  cald,  excess  of  light,  or  prolongation  of  darkness,  which  would 
be  fatal  to  any  terrestrial  creature  we  are  acquainted  with,  or  by 
fair  analogy  can  suppose  to  belong  to  the  sort  of  fauna  we  know; 
but  it  is  obvious  that  we  soon  get  quite  out  of  our  depth  if  we 
depart  very  far  from  that  which  has  been  actually  ascertained,  and 
speculation  is  only  fanciful  guessing  when  it  is  not  subordinated  to 
fact. 

Mr.  Proctor  summarily-perhaps  too  aummarily-dismisses  both 
Sun  and  Moon  as  not  "  intended  to  be  habitable,^^  but  he  makes 
great  use  of  our  central  luminary  in  his  admirable  sketch  of  solar 
physics,  and  connects  him  by  a  series  of  ingenious  speculations  with 
the  entire  Cosmos  to  an  extent  which  no  previous  writer  has 
attempted.  Perhaps  the  most  important  part  of  this  section  is  the 
revival  of  the  recent,  but  almost  abandoned,  notion,  that  the  supply 
of  solar  light  and  heat  is  kept  up  by  the  precipitation  of  streams  of 
meteors  upon  the  Sun's  surface.  Mr.  Proctor  considers  the  solar 
corona  as  meteoric.  We  must  refer  to  the  work  itself  for  a  full 
exposition  of  his  reasons  for  these  opinions,  but  we  will  cite  one 
passage,  in  which  he  says,  ^'We  know  that  the  auroral  light  is 
associated  with  the  Earth's  magnetism,  and  that  meteoric  bodies  are 
continually  falling  upon  the  Earth's  atmosphere.  We  know,  also, 
that  the  Sun  exerts  magnetic  influence  a  thousandfold  more  intense 
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than  that  of  tho  Earth,  and  that  in  his  neighbourhood  there  must  be 
many  million  times  more  meteoric  systems.  But  we  have  other 
and  independent  reasons,  whicli  must  not  be  overlooked,  for 
considering  the  corona  to  be  of  some  such  nature  as  I  have  sug- 
gested. Leverrier  has  shown  that  there  probably  exists  in  the 
neighbourhood  of  the  Sun  a  familv  of  bodies  whose  united  mass 
suffices  appreciably  to  aflPect  the  motions  of  the  planet  Mercury. 
Mr.  Baxendell  has  also  shown  that  certain  periodic  variations  in 
the  Earth's  magnetism  point  to  the  existence  of  such  a  family  of 
bodies,  and  he  has  been  able  to  assign  to  them  a  position  according 
well  with  that  determined  by  Leverrier.  Now,  whatever  qpinion 
we  form  as  to  the  exact  character  of  the  system  of  bodies  pointed 
to  by  the  researches  of  Leverrier  and  Baxendell — whether  we  sup- 
pose that  system  to  form  a  zone  around  the  Sun,  or  that  (as  I 
believe)  the  system  is  merely  due  to  the  aggregation  of  meteoric 
perihelia  in  the 'Sun's  neighbourhood — we  may  be  quite  sure  of 
this,  that  during  a  total  solar  eclipse  the  system  could  not  fail  to 
become  visible.  Hence  there  is  a  double  objection  to  the  view  put 
forward  by  Mr.  Lockyer  and  others.^^  Mr.  Proctor  adds,  that  ^'  if 
the  corona  and  zodiacal  light  are  really  due  to  the  existence  of 
flights  of  meteoric  systems  circling  around  the  Sun,  or  to  the 
existence  in  his  neighbourhood  of  the  perihelia  of  many  meteoric 
systems,  then  there  must  be  a  supply  of  light  and  heat  from  this 
source  very  nearly,  if  not  quite  sufficient  to  account  for  the  whole 
solar  emission.'' 

Wherever  the  Sun  receives  his  energy  from,  he  is  the  source  of 
the  most  important  physical  and  vital  movements  of  the  planets 
which  revolve  around  him  as  he  journeys  through  space,  and  one  of 
the  chief  points  of  attention,  when  we  are  speculating  on  the  habit- 
ability  of  any  planet,  is  the  quantity  of  solar  influence  it  receives. 

Mercury,  for  example,  must  be  a  difficult  globe  for  creatures 
such  as  we  know  to  dwell  in ;  and  if  it  is  inhabited,  as  is  probable, 
we  cannot  help  thinking  the  Mercurials  must  be  a  peculiar  race. 
A  year  of  about  three  months  would  not  of  itself  be  very  important, 
were  it  not  that  it  comprises  seasons  of  great  difierence  of  tempera* 
ture.  "  When  he  is  nearest  the  Sun,  he  receives  ten  and  a  half 
times  more  light  and  heat  from  that  luminary  than  we  do;  but 
when  he  removes  to  his  greatest  distance,  the  light  and  heat  he 
receives  are  reduced  by  more  than  one-half.  Even  then,  however, 
the  Sun  blazes  in  the  skies  of  Mercury  with  a  disk  four  and  a  half 
times  larger  than  that  which  he  presents  to  the  observer  on  Earth.'* 

To  what  extent  the  inclination  of  Mercury's  axis  to  his  orbit 


OTHER  WORLDS.  301 

adds  to  the  seasonal  changes  that  must  result  from  his  approach  to 
and  recession  from  the  Sun,  is  not  known ;  but  if  any  livinpf  objects 
dwell  on  his  surface  that  cannot  stand  violent  roasting,  they  must 
be  protected  by  his  atmosphere  and  clouds.    The  Mercurial  air  may 
be  vapour-laden,  and  cloudy,  and  telescopically  it  looks  dense,  but 
there  is  a  difficulty,  which  Mr.  Proctor  does  not  clear  up,  in  under- 
standing how  clouds  of  water- vapour  can  be  formed  or  sustained  in 
the  presence  of  such  a  blazing  solar  heat ;  though  in  the  absence  of 
precise  information  concerning  the  planet^s  inclination  to  his  orbit, 
we    scarcely  know  how  to   speculate.     Our    clouds    result    from 
warm  moisture-laden  currents  being  acted  upon  by  cold  currents, 
and  we  may  ask  whether   during   the   Mercurial  perihelion  any 
portion  of  him  is  likely  to  have  an  opportunity  of  growing  cold. 
If  the  Sun  flamed  upon  his  surface  through  a  clear  sky,  it  would 
raise  it  to  a  dull  red  heat,  and  we  may  doubt  whether  nocturnal 
radiation  would  cool  any  portion  to  boiling-water  temperature  in 
the  twelve  hours  or  thereabouts  of  his  ordinary  night.     If  one  pole 
has   a   long    arctic  day  while  the   other  hes  in  a  corresponding 
night,   creatures  less    fond  of  fire  than   the    Salamanders  of  the 
Bosicrucians  would  have  to  migrate  to  the  nocturnal  region  as  the 
daylight  came  on,  and  then  their  path  would  be  something  like 
Lucifer^s  walk  over  the  pavements  of  Pandemonium,  as  pictured  in 
'^  Paradise  Lost."     Mr.  Proctor  suggests  they  may  have  tunnels  to 
protect  them,  and  engineering  would  be  easy,  from  the  comparative 
weight  of  bodies  on  his  surface  being  so  much  less  than  on  our 
Earth— probably  about  seven   ounces  to  a  pound — a  condition  of 
things  which,  as  Mr.  Proctor  points  out,  might  enable  mammoths  to 
rival  greyhounds  in  agility. 

Venus  would  probably  be  too  hot  in  her  equatorial  regions  for 
any  creature  we  know  of,  but  her  temperate  and  polar  regions 
would  come  nearer  to  our  ideas,  with  the  help  of  her  cloudy 
sky.  There  seems,  however,  a  doubt  as  to  the  inclination  of  the 
axis  of  Venus  to  her  orbit,  and  her  seasons  may  be  subject  to 
tremendous  extremes.  If  her  inclination,  however,  is  somewhat 
like  that  of  the  Earth,  her  climate  may  not  diflFer  excessively  from 
our  own.  Secchi  has  obtained  some  imperfect  spectroscopic 
indications  that  the  atmosphere  of  Venus  is  similar  in  chemical 
constitution  to  our  own,  and  all  observers  know  how  constantly  and 
almost  completely  her  body  is  veiled  in  clouds,  that  give  a  dazzling 
reflex  of  solar  light. 

It  is  when  we  come  to  Mars  that  we  recognize  features  strongly 
resembling  those  of  the  globe  on  which  we  live.     The  inclination  of 
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Mars'  axis  is  about  271° — our  EartVs  being  28^°;  his  year  is  about 
as  loDg  as  G87  of  oar  days^  and  his  day  nearly  40  minutes 
longer  than  ours.  His  orbit  is  considerably  excentric^  and  the 
summer  of  his  northern  hemisphere  occm's  when  he  is  nearest  the 
Sun.  Altogether,  he  must  be  subject  to  greatier  extremes  than  we 
are  in  the  changes  of  the  seasons.  Mars  is  a  remarkably  inte- 
resting, though  somewhat  difficult  telescopic  object.  We  easily 
notice  on  favourable  nights — that  is  to  say  when  the  Terrestrials  and 
the  Martials  have  both  clear  skies  in  the  regions  of  the  observer  and 
the  observed — appearances  of  continents  and  seas,  and  at  appro- 
priate times  of  snowy  poles,  and  the  spectroscope  confirms  our 
interpretation. 

Mars  may  be  admirably  studied  in  the  stereographic  photographs 
made  and  published  by  Mr.  Browning.  These,  as  we  have  before 
explained,  are  founded  on  charts  compiled  by  Mr.  Proctor  from  the 
best  drawings  of  the  planet.  Prom  the  charts  Mr.  Browning  con- 
structed a  Martial  globe,  and  from  the  globe  the  photographs  were 
taken. 

A  somewhat  startling  condition  follows  the  law  of  gravitation, 
and  makes  the  smallest  planets  the  most  convenient  abodes  for  the 
largest  animals.  Mars  has  an  average  density  of  nearly  four  times 
that  of  water,  or  less  than  three-quarters  of  that  of  our  Earth,  and 
his  globe  is  only  5000  miles  in  diameter;  hence  "&  Daniel 
Lambert  on  Mars  would  be  able  to  leap  easily  to  a  height  of  five  or 
six  feet,  and  ho  could  run  faster  than  the  best  of  our  terrestrial 
athletes.  A  man  of  his  weight,  but  proportioned  more  suitably  for 
athletic  exercises,  could  leap  over  a  twelve -feet  wall.  On  the  other 
hand,  a  light  and  active  stripling  removed  to  Jupiter  would  be 
scarcely  able  to  move  from  place  to  place.  On  the  Sun  his  own 
weight  would  nearly  crush  him  to  death  '' !  When  one  of  Mars* 
hemispheres  is  in  its  winter  season,  cloudy  skies  cover  its  features, 
and  from  the  abundant  precipitation  of  moisture,  the  ruddy  planet 
may  have  its  '^  children  of  the  mist  '^  amongst  its  highlands  and 
its  fertile  pastoral  plains,  though  we  may  doubt  the  tint  of  the 
planet  arising,  as  some  astronomers  supposed,  &om  the  vegetation 
being  red. 

Very  difierent  are  the  conditions  ofiered  to  our  contemplation 
by  '^  Jupiter,  the  giant  of  the  solar  system.^'  With  a  diameter  of 
85,000  miles,  or  nearly  eleven  times  as  long  as  that  of  our  earth, 
a  surface  115  larger,  and  1,200  times  the  terrestrial  volume,  gravity 
at  his  surface  is  only  2^  times  as  great,  owing  to  his  mate- 
rials being  on  the  average  less  dense.     Still,  as  every  animal  would 
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weigli  2i  times  as  maoh  as  on  the  Eartih^  we  may  easily  perceiye 
that  few  creatures  we  are  acquainted  with  could  bear  the  burden  of 
themselves.  Mr.  Proctor  alludes  to  old  Wolfius  as  cited  by  Admiral 
Smyth^  and  who  fancied  the  Jovial  men  were  at  least  as  big  as  Og^ 
king  of  Bashan^  because  he  traced  a  certain  proportion  between  the 
diameter  of  the  pupil  of  the  human  eye  and  the  height  of  the  body. 
Jupiter  being  much  further  from  the  Sun  than  the  Earth  he  said  the 
pupils  must  be  wider^  and  the  men  increased  in  the  same  ratio ! 
Taking  gravity  as  a  gnide^  Mr.  Proctor  remarks^  we  might  make 
the  Jovials  to  be  pigmies^  so  that  Tom  Thumb  would  be  a  giant 
amongst  them.  Whewell  considered  the  Jovians  '^  pulpy  and  gela- 
tinous^ living,  in  a  dismal  world  of  water  and  ice  with  a  cindery 
nucleus/'  but  no  appearances^  or  known  facts  of  the  great  planet^ 
necessitate  such  an  idea.  Although  this  planet  receives  only  about 
one  twenty-fifth  of  the  light  and  heat  we  get  from  the  Sun^  there 
might  be  considerable  compensation  from  the  action  of  his  atmo- 
sphere in  obstructing  more  than  ours  does  the  loss  of  heat  by 
radiation  into  space. 

The  Jovial  year  would  make  nearly  twelve  of  ours,  and  his 
equator  being  "  inclined  little  more  than  three  degrees  to  his  orbit/' 
he  would  not  suffer  as  we  do  extreme  cold  at  the  poles.  Mr.  Proctor 
regards  it  as  probable,  that  if  there  is  a  flora  and  fauna  on  this  huge 
globe,  it  is  probably  constructed  on  a  smaller  scale  than  ours ;  and  he 
cites,  with  some  expression  of  doubt,  an  opinion  of  "Whewell's  in  his 
''Bridgwater  Treatise,^'  that  the  specific  gravity  of  bodies  on 
Jupiter  would  be  fatal  to  such  plants  as  ours,  as  upon  the  Earth  the 
motion  of  sap  is  partly  regulated  by  gravity,  and  any  material  dis- 
turbance in  the  amount  of  that  force  would  not  suit  our  vegetation. 
Probably,  if  such  a  change  took  place  gradually  it  would  only  involve 
corresponding  changes  in  vegetation  not  greater  than  those  which 
have  occurred  over  and  over  again  upon  our  planet  in  geological 
times ;  but,  if  on  Jupiter  increased  gravitation  made  it  more  difficult 
for  fluids  to  ascend,  diminished  solar  influence  would  also  lessen  the 
rapidity  of  chemical  changes,  and  we  might  have  slower  growth. 
The  power  of  capillary  attraction  we  cannot  estimate,  as  we  know 
nothing  of  Jovial  structures,  but  it  might  be  as  well  proportioned 
to  the  other  forces  as  with  us. 

If  Jupiter's  polar  and  equatorial  climates  at  various  seasons  differ 
less  from  each  other  than  ours,  this  fact,  together  with  the  much 
smaller  quantity  of  solar  action  upon  his  surface  and  atmosphere 
will  allow  him  a  great  immunity  from  the  wind-storms  so  common 
with  us,  and,  so  far  as  plants  were  concerned,  one  important  de- 


304  OTHER  WORLDS. 

mand  for  strengtli  would  be  removed,  and  trees  which  our  cyclones 
and  tornadoes  would  tear  to  pieces,  might  luxuriate  in  peace  upon 
a  quieter  planet. 

We  are  very  glad  to  find  that  Mr.  Proctor  has  taken  several 
occasions  for  rebuking  the  folly  of  that  species  of  natural  theology 
which  too  readily  presumes  to  know  exactly  why  the  Creator  has 
acted  in  a  particular  way  :  thus,  to  say  nothing  of  the  "  Bridgwater 
Treatises,"  so  scientific  a  writer  as  Admiral  Smyth  spoke  of  the 
perennial  summer  of  Jupiter  as  "a  striking  display  of  beneficent 
arrangement.'^  Mr.  Proctor  adds,  "  that  the  arrangement  is  bene- 
ficent we  need  not  of  course  question.  But  that  we  can  recognise 
the  way  in  which  it  is  beneficent  is  quite  another  matter.  If 
Jupiter's  great  distance  from  the  Sun  is  compensated  for  by  this 
pecuUar  disposition  of  his  axis,  and  we  are  to  admire  the  beneficence 
thus  displayed,  are  we,  therefore,  to  find  fault  with  the  Creator  for 
not  dealing  similarly  with  Saturn,  Uranus,  and  Neptune,  which, 
being  further  from  the  Sun,  have  greater  need  than  Jupiter  of  some 
special  adaptation  of  the  sort  ? ''  The  splendour  shed  by  Jupiter's 
four  moons  have  often  formed  the  basis  of  similar  comments,  but 
Mr.  Proctor  shows  that,  "  if  they  could  be  all  full  together  they 
could  only  send  to  the  Jovials  about  one-sixteenth  part  of  the  light 
we  receive  from  the  full  Moon.  But,  as  a  matter  of  fact,  they  can- 
not all  be  full  together."  All  may  be  visible  together,  but  only  one 
full. 

The  mean  density  of  Jupiter  is  about  one-third  greater  than 
water,  or  '^  rather  less  than  one-fourth  of  the  Earth,"  and  Mr. 
Proctor  adds,  "  it  is  worthy  of  remark  that  his  density  is  almost 
exactly  the  same  as  the  Sun's,  and  considerably  greater  than  that  of 
the  three  other  outer  planets  hitherto  discovered."  But  then  comes 
the  question  of  what  is  the  real  size  of  the  planet  ? — where  does  his 
atmosphere  end  and  his  body  begin  ?  It  has  usually  been  supposed 
that  the  light  belts,  so  conspicuous  in  most  years  when  the  planet  is 
surveyed  through  a  good  telescope,  are  clouds,  and  that  the  dark 
stripes  are  the  body  of  the  planet ;  but  this  latter  portion  of  the 
theory  is  open  to  great  doubt.  Mr.  Proctor  says,  ^^  if  the  bright 
belts  really  are  cloud-belts,  and  the  dark  belts  the  surface  of  the 
planet,  then  on  the  edge  of  the  planet's  disk  we  ought  to  see  some 
irreguleurity  of  level — the  cloud-belts  projecting  slightly  beyond  the 
real  outline  of  the  planet,  if  the  atmosphere  have  that  enormous 
extent  which  some  astronomers  have  supposed.  Whether  such 
an  appearance  has  ever  been  looked  for,  I  do  not  know,  but  it  has 
certainly  never  been  detected."     From  this  reasoning  he  concludes 
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that  either  the  dark  belts  belong  to  a  lower  cloud-layer,  or  that  the 
atmosphere  is  not  extensive  enough  to  interfere  with  our  measure- 
ments of  the  planet's  disk. 

The  remarkable  changes  of  colour  and  form  noticed  in  1869-70, 
by  Mr.  Browning  and  Mr.  Slack,  and  subsequently  seen  by 
other  persons,  seem  to  indicate  enormous  changes  going  on  in 
Jupiter  or  his  atmosphere,  quite  distinct  from  terrestrial  storms 
and  clouds.  The  exquisite  drawing  by  Mr.  Browning,  which 
we  recently  published,  and  the  paper  by  that  excellent  observer, 
will  enable  our  readers  to  form  their  own  opinions  upon  this  point. 
The  great  outburst  of  yellow  light  can  scarcely  be  imagined  to  arise 
from  an  absorption  of  the  red  and  blue  portion  of  the  solar  rays. 
It  seems  connected  with  internal  actions,  perhaps  of  an  extensive 
igneous  kind.  Mr.  Proctor  thinks,  from  a  variety  of  appearances 
and  facts,  that  the  planet  is,  to  some  extent,  self-luminous,  and  he 
associates  together  the  small  density  of  the  planet,  his  extensive 
atmosphere,  and  the  colours,  shape,  and  changes  of  his  belts.  Con- 
sidering his  distance  from  the  Sun,  he  regards  it  as  impossible  that 
solar  heat  could  vaporise  enough  water  to  load  his  atmosphere  with 
enormous  clouds,  or  cause  such  tremendous  disturbances  as  are 
seen  to  take  place  in  it.  Taking  analogy  for  a  guide,  he  pictures 
Jupiter  as  still  ^'  a  glowing  mass,  fluid  probably  throughout,  still 
bubbUng  and  seething  with  the  intensity  of  primsBval  fires,  sending 
up  continually  etiormous  masses  of  cloud  to  be  gathered  into  bands 
under  the  influence  of  the  swift  rotation  of  the  giant  planet.^' 
Jupiter,  thus  examined,  belongs  to  the  category  of  Suns,  and  afifords 
a  certain  allowance  of  light  and  heat  to  his  attendant  planets,  the 
four  satellites,  which  may  resemble  habitable  planets  rather  than  our 
Moon.  It  appears  that  there  is  some  reason  for  supposing  that 
Jupiter  emits  a  certain  portion  of  self-made  light.  Zollner  found 
that  he  sent  to  us  much  more  light  than  a  planet  of  equal  size 
would  do  at  the  same  distance  from  the  Sun,  and  constituted  like 
Mars,  the  Moon,  or  the  Earth ;  and  Bond  calculated  that  he  sent 
more  light  than  he  received.  Mr.  Proctor  says  that,  '^  if  Jupiter  do 
not  shine  in  part  by  native  light,  his  surface  must  possess  reflective 
powers  nearly  equal  to  that  of  white  paper,''  which  is  scarcely  credible. 
We  recommend  our  readers  to  consider  carefully  all  Mr.  Proctor's 
reasoning  on  this  subject,  we  have  only  indicated  its  character ;  and 
pass  to  another  celestial  object,  Saturn,  with  his  wonderful  appen- 
dage of  rings  and  satellites.  Saturn  is  about  700  times  as  large 
as  the  Earth,  and  has  the  remarkably  low  density  of  only  three- 
quarters  that  of  water,  so  that  he  could  float  in  a  sufficiently  big 
VOL.  I.  N.s. — NO.  in.  X 
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sea.  He  is  the  lightest  of  known  planets^  and  being  nearly  ten 
times  as  far  from  the  Snn  as  the  Earth  is^  he  receives  about  one* 
ninety-first  parfc  of  the  solar  light  and  heat  that  reaches  us.  Matters 
are  so  arrauged  in  this  grand  planet,  that  in  latitudes  corresponding 
to  that  of  London  or  Paris,  the  Sun  is  totally  eclipsed  for  more  than 
five  years  in  succession,  while  in  the  latitude  corresponding  to  that 
of  Madrid,  he  is  totally  eclipsed  for  nearly  seven  years  in  succession. 
This  efiect  of  the  riug  system,  added  to  the  distance  of  the  planet 
from  the  Sun,  make  us  suppose  that,  if  inhabited  at  all,  it  must  be- 
by  creatures  quite  different  from  those  on  the  Earth.  But  what  is 
the  condition  of  Saturn  ?  Is  he  a  solid  globe  at  all,  or  is  the  major 
part  still  fluid  from  internal  heat  ?  The  changes  of  his  belts,  and 
the  remarkable  colours  first  noticed  by  Mr.  Browning,  whose  draw- 
ing we  published  in  a  former  number,  and  the  very  small  density, 
seom  to  indicate  that  he  is  an  unconsolidated,  perhaps  unfinished 
world.  Mr.  Proctor  considers  that  the  distortion  of  the  disk  of 
this  planet,  noticed  by  Schroter  in  1803,  by  Sir  W.  Herschel  in  1805, 
and  by  Kitchener  in  1818,  was  not  an  optical  delusion,  but  a  real 
fact,  arising  from  vast  changes  in  the  planet  itself;  and  it  is  curious 
that  Airy  and  Coolidge  (Cambridge,  U.S.)  observed  disturbances  at 
other  times,  and  likewise  the  two  Bonds. 

Mr.  Proctor  says,  "  Why  Saturn  rather  than  Jupiter  should 
exhibit  these  mysterious  changes  of  figure,  is  readily  explicable 
when  we  remember  the  near  coincidence  of  the  planes  in  which 
the  Jovial  satellites  move  with  the  orbital  plane  of  their  primary. 
There  thus  always  results  a  close  agreement  between  the  zone 
on  which  the  satellites  exert  their  greatest  disturbing  influence  and 
that  most  influenced  by  solar  action.  No  such  coincidence  exists  in 
the  case  of  Saturn,  whose  satellites  travel  in  a  plane  inclined  nearly 
30®  to  that  in  which  their  primary  travels.'^  Saturn,  as  well  as 
Jupiter,  may  be  a  sun — a  secondary  one  in  our  solar  system — just 
as  our  Sun  may  be  related  to  some  grander  primary,  as  has  long' 
been  supposed. 

The  remoter  planets,  Uranus  and  Neptune,  are  respectively 
74  and  105  times  as  large  as  the  Earth,  and  their  mean  density  is 
about  that  of  water.  The  Sun  will  look  to  Uranians  about  u-ro^^  of 
the  size  ho  does  to  us,  and  to  the  Neptunians  about  -q-u-o^^^  of  ours. 
Added  to  this,  Uranus  has  his  equator  inclined  to  his  orbit  about 
76°,  and  as  his  year  would  swallow  up  84  of  ours,  his  winters  must, 
so  far  as  solar  influence  is  concerned,  be  tremendously  severe. 
'^  For  twenty  years,  in  a  latitude  corresponding  to  that  of  London, 
the  Uranians — if  there  be  any — never  see  the  small  Uranian  Sun  -/* 
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and  in  all  latitudes  nearer  the  pole  the  Uranians  have  winters  last- 
ing from  twenty  years  to  upwards  of  forty/'  Here  there  may  be 
indeed  "  thrilling  regions  of  thick-ribbed  ice,''  unless,  as  it  is 
probable,  Uranus  ma/  still  be  heated«by  internal  fires.  Mr.  Proctor 
thus  sums  up  his  conclusions  respecting  the  outer  planets.  '^  We 
seem  led  to  the  conclusion  that  the  planets  which  lie  outside  the 
zone  of  the  asteroids  are  distinguished  from  those  within  that  belt, 
not  merely,  as  had  so  long  been  recognized,' in  the  attributes  af  size, 
density,  rapidity  of  rotation,  and  complexity  of  the  systems  existing 
round  them,  but  in  this  more  important* and  interesting  circum- 
stance, that  they  and  their  dependents  are  real  miniatures  of  the 
solar  system.  Four  suns  they  would  seem  to  be — ^not,  indeed,  suns 
resplendent  like  the  primary  sun  round  which  they  travel — ^not 
heated  to  incandescence  as  he  is,  but  still  supplying  an  amount  of 
heat  proportionably  far  greater  than  the  light  they  give  forth." 

If  their  materials  are  similar  to  those  of  our  Earth,  we  imagine 
the  heat  that  would  render  them  fluid  enough '  for  the  vast  and 
rapid  changes  we  have  alluded  to  must  also  make  them  incan- 
descent, and  that  we  must  look  to  the  nature  of  the  atmosphere  for 
an  explanation  of  their  not  emitting  more  light.  Speculations  of 
this  sort  may  usefully  guide  us  to  investigations,  whether  they  are 
true  or  not.  Without  any  theory,  investigation  seldom  leads  to 
important  discovery.  Mr.  Proctor  is  very  likely  to  prove  right, 
but  if  not,  his  hypotheses  are  legitimately  formed,  and  tend  to 
further  the  elucidation  of  the  truth,  whatever  it  may  be. 

When  Mr.  Proctor  comes  to  speak  of  the  Moon,  we  think  he  is 
too  hasty  in  assuming  that  it  has  no  atmosphere.  We  should  like 
to  know  his  opinion  a  few  years  hence,  if  he  spends  some  of  his 
evenings  in  watching  with  a  good  telescope  changes  of  colour,  etc., 
that  occur  on  our  satellite's  face.  With  a  long  day — of  a  fortnight 
— during  which  the  Sun  pours  a  flood  of  heat  and  light  upon  her 
surface,  heating  it  above  the  boiling  point,  and  with  a  correspond- 
ing night  of  rapid  cooling  and  severe  frost — if  there  is  anything  to 
freeze — we  should  not  select  the  Moon  as  a  habitation ;  and  the 
Selenians,  if  there  be  any,  must  be  a  peculiar  race,  though  whether, 
as  Washington  Irving  stated,  they  are  pea-green,  and  have  one  eye 
in  the  middle,  may  be  open  to  doubt.  We  have  little  faith  in  the 
opinion  that  the  Moon  is  in  a  later  stage  than  our  Earth,  that  once 
she  was  habitable,  but  that  now  her  water  and  air  have  disap- 
peared, and  she  is  a  barren  waste,  alternately  scorched  and  frozen 
in  her  day  and  night.  The  telescopic  aspect  of  the  Moon  points 
clearly  to  enormous  igneous  and  volcanic  action,  but  it  does  not 
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point  with  equal  clearness^  if  it  points  at  all^  to  a  succession  of 
changes  operated  hj  aqueous  and  atmospheric  causes.  If  she  has 
passed  through  such  stages^  evidence  thereof  should  be  discernible, 
and  the  attention  of  telescopists  may  well  be  directed  to  their 
forms.  We  hope  Mr.  Proctor  will  have  something  more  to  say 
about  this  by-and-bye. 

In  the  chapter  on  meteors  and  comets  Mr.  Proctor  shows  why  he 
supports  the  notion  that  meteors  falling  into  the  Sun  sustain  his  heat. 
He  points  out  that  since  Professor  Thompson  abandoned  this  theory, 
additional  evidence  has  been  discovered  to  strengthen  it.  The 
supply  of  meteors  in  space  must  be  enormous,  for,  at  a  very  low 
estimate,  the  cluster  which  we  traverse  in  November  must  contain  one 
hundred  thousand  millions ;  and,  supposing  them  to  be  very  small 
bodies — one-hundredth  of  an  ounce  each — we  should  have  about 
28,000  tons  in  this  system  alone;  and  many  of  the  millions  of  sys- 
tems that  probably  exist,  may  have  within  them  bodies  of  considerable 
mass  like  the  great  meteoric  stones  that  are  occasionally  found  to 
fall  upon  our  earth.  Mr.  Proctor  considers,  that  in  the  neighbour- 
hood of  the  Sun  there  must  be  numbers  of  intersecting  meteoric 
systems,  and  that  collisions  must  be  frequent  between  bodies  travel- 
ling at  the  rate  of  200  miles  a  second.  The  sudden  arrestation  of 
such  velocities,  and  the  fall  of  the  colliding  bodies  on  the  Sun,  must 
necessarily  give  rise  to  a  great  development  of  heat.  It  is  interest- 
ing to  find  the  meteoric  theory  of  solar  sustentation  thus  rehabilitated 
with  considerable  probability.  If,  true,  our  Sun  swallows  immense 
quantities  of  meteoric  food,  and  must  at  length  be  noticeably  in- 
creased in  bulk  unless  some  unknown  cause  operates  for  the  dis- 
persion of  his  material,  and  his  supplies  are  simply  reparations  of 
waste  matter  as  well  as  restorations  of  spent  energy. 

The  Earth,  Sun,  and  planets,  must  be  '^  growing^'  if  they  receive 
a  continual  rain  of  meteoric  matter ;  and  Mr.  Proctor  is  disposed  to 
consider  ^'that  countless  millions  of  meteoric  systems,  travelling  in 
orbits  of  any  degree  of  excentricity  and  inclination,  travelling  also  in 
all  conceivable  directions  round  the  centre  of  gravity  of  the  whole 
world,  go  to  the  making  up  of  each  individual  planet.^^  This  theory, 
of  course,  supposes  that  at  former  periods  meteoric  systems  were 
more  numerous  than  at  present.  ''  A  marked  tendency,^'  he  says, 
'^  to  aggregate  round  some  definite  plane,  and  to  move  in  directions 
which  referred  to  that  plane  corresponded  to  the  present  direction 
of  planetary  motion,  would  suffice  to  account  for  the  present  state 
of  things.  The  eifect  of  multiplied  collisions  would  be  to  eliminate 
orbits  of  exaggerated  excentricity,   and  to  form  systems   travel- 
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ling  nearly  on  the  mean  plane  of  the  aggregate  motions^  and  with 
a  direct  motion.  Further,  where  collisions  were  most  numerous, 
there  would  be  found  not  only  the  most  circular  resulting  orbits, 
not  only  the  greatest  approach  to  exact  coincidence  of  such  orbits 
with  the  mean  plane  of  the  whole  system,  but  the  bodies  formed 
out  of  the  resulting  systems,  would  then  exhibit  rotations  coinciding 
most  nearly  with  the  mean  plane  of  the  entire  system.^' 

It  may  be  objected  to  this  theory,  that  it  is  not  complete.  It 
seems  to  require  the  previous  formation  of  a  great  Sun  to  bring  the 
other  bodies  into  position,  and  it  ofiFers  no  explanation  of  how  the 
meteoric  bodies  were  themselves  formed,  and  by  what  means  their 
motions  were  produced.  We  cannot,  however,  expect  a  complete 
theory  in  the  present  state  of  knowledge,  nor  can  we  suppose,  if  we 
have  regard  to  the  limitations  of  our  inquiries  in  other  directions, 
that  we  have  any  prospect  of  arriving  at  a  begfinning.  All  that  we 
are  likely  to  do,  is  to  trace  a  long  series  of  changes  operated  by 
definite  laws.  Mr.  Proctor^s  theory  is  decidedly  Darwinian.  His 
meteors  revolve  in  a  variety  of  orbits ;  they  have  their  battle  of  life, 
the  stronger  swallowing  up  and  feeding  upon  the  weaker,  and, 
finally,  those  only  survive  that  have  the  fittest  orbits,  and  were  best 
able  to  carry  on  the  great  work  of  progression  from  elementary  to 
higher  forms  of  solar  or  planetary  being.  The  nebular  theory,  as 
ordinarily  accepted,  does  not  account  for  many  pecuUarities  of  the 
solar  system,  and  in  some  particulars  is  difficult  to  reconcile  with 
them.  By  calling  in  the  aid  of  meteor  streams,  Mr.  Proctor  cer- 
tainly makes  an  advance  in  probable  explanation.  He  says> 
'' assuming  that  the  region  of  maximum  aggregation  was  that 
where  the  influence  of  the  ruling  centres  first  became  so  far  dimi- 
nished with  distance  as  to  render  the  formation  of  a  great  sub- 
ordinate aggregation  possible,  we  should  have  the  innermost  of  the 
outer  series  of  planets  also  the  most  bulky :  and  next  within  that 
giant  planet  we  should  find  a  relatively  barren  space,  cleared  of 
material  not  only  by  the  Sun's  still  powerful  influence,  but  also  by 
the  influence  of  their  first  important  subordinate  aggregation.'^ 

Jupiter's  size  is  thus  accounted  for,  and  the  smallness  of  Mars. 
We  likewise  see.  a  physical  reason  for  the  great  space  between 
Jupiter  and  Saturn.  Mr.  Proctor  further  shows  that  the  variations 
in  the  inclination  of  the  axis  of  the  various  planets  to  their  orbits, 
and  other  particulars,  are  more  easily  explicable  on  his  theory  than 
on  the  nebular  hypothesis  of  Laplace. 

We  pass  over  an  interesting  chapter  on  ''Other  Suns  than 
Ours,''  embodying  the  results  of  recent  discovery,  and  abounding 
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in  original  thought,  and  we  come  to  subjects  that  have  been  partly 
illustrated  by  Mr.  Proctor's  papers  in  our  own  pages.  He  has  recog- 
nized a  remarkable  community  of  motion  amongst  the  stars,  which 
opens  up  grand  views  of  the  extent  and  unity  of  the  stellar  system. 
Our  readers  will  do  well  to  refer  to  the  papers  we  have  published  at 
various  times,  and  especially  to  the  chart  showing  the  distribution 
of  nebulas.  These  curious  bodies — ^we  mean  those  which  are  really 
such,  and  not  mere  star  clusters — seem  to  withdraw  themselves  from 
tlie  Tieighhourhood  of  the  galaxy.  In  the  northern  heavens  they 
cluster  very  definitely  toweurds  the  pole  of  the  galaxy;  in  the 
southern  they  are  arranged  in  streams  and  clustering  aggregations 
but  the  galaxy  itself  is,  in  either  case,  left  almost  clear  of  nebulas. 
Mr.  Proctor  also  points  out  the  remarkable  apparent  connections  of 
nebulas  and  certain  stars  which  seem  associated  with  them.  The 
division  of  the  sky  into  regions  that  are  starless  but  nebulous,  and 
starful  without  nebulas,  is  well  worth  attentive  consideration.  Mr. 
Proctor  boldly  affirms  that  '^  the  nehulae^  in  a  sense,  represent  the 
missing  sta/rs ;  thai  the  region  where  these  nebulae  appear  has  been 
drained  of  star^material,  so  to  speak,  in  order  to  form  them/' 

Here,  then,  we  leave  this  remarkable  book.  It  is  impossible  to 
exhibit  the  force  of  the  reasoning  by  abbreviated  statements  and  brief 
extracts ;  but  a  perusal  of  the  work  will  show  that  the  great  merit 
we  claim  for  its  author  must  be  conceded  to  him.  His  speculations 
have  all  the  character  of  true  philosophy.  They  are  all  tinctured, 
more  or  less,  with  inductive  probability;  and  they  all  have  the 
valuable  property  of  stimulating  thought,  and  directing  inquiry  into 
channels  likely  to  conduct  to  truth. 
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FOEEIGN  SCIENCE. 

Amonghbt  the  matters  of  interest  which  have  come  before  the 
French  Academy  ia  the  <x)arse  of  the  last  few  months  are  some 
fresh  researches  of  M.  Becquerel,  "  On  the  Production  of  Electro- 
cspillary  Currents  in  the  Bones,  Nerves,  and  Brain/^  He  finds  that 
these  currents,  which  contribute  to  the  nutrition  of  the  tissues  to 
which  they  belong,  continue  for  some  time  after  life  has  ceased* 
He  says  they  do  not  arise  from  a  direct  action  of  the  oxygen  trans- 
ported by  arterial  blood  upon  the  various  constituents  of  the  orgame 
material,  which  is  not  a  oonductor  of  electricity,  but  from  an  electro- 
motor force  resulting  from  contact  of  a  liquid  holding  in  solution  the 
compounds  produced  bythe  action  of  the  oxygen  on  the  ambient  liquid. 
He  found  that  neutral  soiutions  of  sulphate  of  potash  and  ammonia, 
chloride  of  sodium,  and  nitrate  of  potash,  placed  in  cracked  {feles) 
tubes  were  negative  in  contact  with  distilled  water.  Distilled  water 
coming  (throu^  the  cracks)  in  contact  with  water  containing  fine 
powders  of  Iceland  spar,  quartz,  mica,  bone  dust,  etc.,  exhibited 
electro-motor  force.  In  this  case  the  insoluble  powder  appears  to 
take  alkali  from  the  glass,  and  then  give  it  to  the  water.  In  quartz 
vessels  no  current  was  produced.  His  investigations  of  brain  currents 
led  to  the  conclusion  that  they  arise  from  the  mutual  action  of  the 
grey  and  white  matters,  the  former  being  oxydised  and  the  latter 
reduced. 

Another  physiological  investigation  which  may  prove  useful  in 
dietetics  is  that  of  M.  L.  Contaret,  who  finds  that  maltine  or  vege- 
table diastase  has  a  powerful  digestive  action  on  cooked  starchy 
matters,  one  gramme  of  maltine  acting  on  from  1,800  grammes  to 
two  kilogrammes  of  cookod  starch. 

M.  O.  Liebreich  -details  experiments  which  may  prove  important 
in  cases  of  overdose  of  chloroform,  chloral,  etc.  He  found  that 
rabbits,  poisoned  with  these  substances  by  two  gramme  doses, 
recovered  by  injecting  ooie  and  a  half  milligrammes  of  strychnine. 
Soon  after  the  publication  of  M.  Liebreich's  observations  M.  Verneuil 
stated  that  a  mason  suffering  from  traumatis  tetanus  had  been 
successfully  treated  with  subcutaneous  injections  of  hydro-chlorate 
of  morphia  and  chloral  internally.  M.  Yemenil  pointed  out  the 
need  of  further  experiments,  and  M.  Nelaton  stated  that  tetamzs 
was  8(metimes  removed  by  various  methods,  and  at  othero  resisted 
all,  so  that  nothing  could  be  predicated  from  a  few  cures. 

A  Uttle  while  ago  M.  Flamintzin  stated  that  starch  in  plants  was 
clevel<^ed  specially  under  the  influence  of  blue  light,  but  M.  Edoaard 
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Prillieux  finds  that  the  same  action  which  takes  place  under  the 
blue  or  violet  rays,  if  the  illumination  is  sufficient. 

The  pleasant  odour  emitted  by  fir  trees  in  a  sunny  atmosphere 
has  long  been  thought  serviceable  to  invalids,  and  the  vicinity  of 
pino  woods  has  been  deemed  salubrious.  It  appears  that  the 
Eucalyptus  globulus  of  Tasmania,  which  grows  to  more  than  two 
hundred  feet  in  height,  has  been  supposed  to  exert  a  like  beneficial 
efiect,  and  M.  Romel  has  naturalised  it  for  this  purpose  on  the 
Mediterranean  shore.  It  was  tried  in  Paris  but  did  not  endure  the 
winter  cold.  M.  Cloez  has  obtained  from  the  wood  an  essential  oil, 
which  he  names  Eucalyptal ;  C  H*'*  0*  represents  its  composition, 
and  it  belongs  to  the  same  series  as  camphor. 

M.  Bouley  has  been  studying  the  statistics  of  hydrophobia 
obtained  from  various  districts  in  France,  and  he  states  that  of  320 
persons  bitten  by  mad  dogs  about  38  per  cent,  escaped  serious  con- 
sequences. The  rate  of  mortality  was  lowest  when  the  number  of 
accidents  was  greatest.  This  may  arise  from  many  dogs  having 
been  wrongfully  supposed  mad,  and  the  evidence  is  altogether 
lessened  in  value  for  want  of  proof  that  the  disease  really  existed,  as 
stated  by  the  local  authorities.  March,  April,  and  May  gave  89 
cases;  June,  July,  and  August,  74;  September,  October,  and  No- 
vember, 64 ;  December,  January,  and  February,  75.  This  conforms 
with  other  experience,  and  shows  the  folly  of  tormenting  innocent 
dogs  with  muzzles  in  hot  weather,  as  enforced  by  the  late  Sir  R. 
Mayne.  In  fatal  cases  death  usually  ensued  within  the  first  four 
days.  Cauterization,  especially  with  red  hot  iron,  seemed  the  most 
efiective  remedy.  Out  of  134  cauterized  cases  92  escaped;  out  of 
66  non-cauterized  the  moi*tality  was  56. 

A  course  of  investigation  by  M.  Houzeau  on  ozone  confirms  the 
conclusions  of  Schonbein  and  Andrews  that  ozone  really  exists  in  the 
atmosphere,  especially  in  the  country.  He  prepares  ozone  by  a 
new  method  which  consists  in  agitating  a  mixture  of  cold  con- 
centrated sulphuric  acid,  and  perfectly  pure  binoxyde  of  barium. 
The  oxygen  disengaged  under  these  conditions  has  the  ozone  odour, 
and  when  moist  blackens  silver  and  decomposes  iodide  of  potassium. 
Instead  of  Schonbein's  iodine  starch  paper  he  uses  as  a  test  a  paper 
of  red  litmus,  impregnated  for  half  its  length  by  a  solution  containing 
one-hundredth  part  of  neutral  iodide  of  potassium ;  this  part  becomes 
blue  by  action  of  ozone.  He  measures  the  quantity  of  ozone  by 
passing  the  gas  charged  with  it  through  a  graduated  solution  o>f 
very  dilute  sulphuric  acid  containing  neutral  iodide  of  potassium. 
In  contact  with  the  acid  the  ozone  transforms  the  iodide  of  potassium 
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into  potassia,  whicli  unites  with  it  and  iodine,  which  is  precipitated. 
The  iodine  is  expelled  by  boiling  the  liquid,  and  when  it  is  cold  the 
quantity  of  acid  left  is  ascertained  by  neutralising  it  with  a 
graduated  lime  solution. 

The  existence  of  selenium  in  the  copper  of  commerce  has  been 
ascertained  by  M.  Ch.  Violette.  The  specimens  he  operated 
upon  were  believed  to  have  been  extracted  from  Chilian  ores.  He 
considers  that  some  errors  may  have  been  introduced  into  organic 
analysis  from  the  presence  of  the  oxide  of  this  metal  in  the  oxide 
of  copper  which  is  employed.  To  this  he  ascribes  the  acid  reaction 
of  the  water  obtained  in  organic  analysis. 

Amongst  recent  French  contributions  to  geology  may  be  noticed 
the  researches  of  M.  Alphonse  Milne-Edwards  amongst  the  fossils 
of  the  Bourbonnais.  He  finds  in  the  tertiary  deposits  of  St. 
6eraud-le-Puy  and  of  Lanzy,  intertropical  characteristics,  such  as 
paraquets,  curucus,  salanganes,  gangas,  marabous,  and  secretaries. 

M.  Richard  has  discovered  relics  of  the  so-called  stone  age  in 
Arabia  and  Egypt.  At  the  foot  of  Mount  Sinai,  in  hillocks  of 
yellow  clay  and  lamellated  gypsum,  he  dug  up  what  he  calls  flint 
hammers  {marteaux}^  and  knives  {couteaux)  in  great  numbers, 
together  with  arrow-heads  and  tortoise-shaped  pieces. 

Near  Cairo,  in  the  vicinity  of  the  petrified  forest,  he  found 
implements  of  sandstone  {gres  peirifie),  and  at  Thebes,  near  the 
tombs,  many  stone  implements. 

M.  A.  Leymeric  calls  attention  to  the  broken  fragmentary  con- 
dition of  the  high  peaks  of  the  Pyrenees.     He  states  that  most  of 
the  peaks  exhibit  rocks  in  chaotic  ruin,  and  that  masses  of  living  rock 
were  exceptions. 

M.  Deuza  describes  a  storm  on  Feb.  13,  which  carried  dust  from 
Africa,  mingled  with  rain,  over  a  great  part  of  Italy.  In  the 
northern  parts  there  was  a  heavy  fall  of  red  snow,  which  was 
coloured  by  the  sand. 

Our  readers  will  remember  the  interesting  paper  on  birds'  nests, 
by  Mr.  Wallace,  which  we  published  some  time  since,  wherein  he 
showed  that  certain  birds  exercise  their  reason  and  improve  their 
habitations  when  new  materials  or  fresh  conditions  are  offered  to 
them.  M.  Pouchet  confirms  these  views,  and  shows  that  the 
swallows  of  Bouen  now  build  more  roomy  nests,  with  more  don- 
venient  entrances  than  formerly.  He  says,  "  The  new  nests, 
instead  of  affecting  the  globular  form,  represent  the  quarter  of  a 
hollow  demi-ovoid,  having  its  poles  much  elongated,  and  with 
three  sections  adhering  to  the  walls  of  the  buildings  against  which 
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they  are  erected/'  The  notion  that  swallows  always  build  alike  is 
certainly  incorrect.  Mr.  Slack  states  that  at  his  house  in  Sussex 
three  swallows'-nests  were  built  near  together — two  under  straight 
horizontal  eaves  close  to  a  window^  and  another  at  the  point  of  a 
gable.  The  two  first  are  somewhat  flattened  hemispheres^  with 
pretty  large  horizontal  openings  just  under  the  woodwork  of  the 
eaves.  The  third  is  more  pear-shaped,  with  the  elongated  end 
downwards,  and  acting  as  a  pillar  of  support.  The  entrance  in 
this  slants  to  the  north-east,  the  woodwork  protects  it  to  a  con- 
siderable extent  against  the  entrance  of  wmd,  and  this  side  was 
apparently  selected  on  account  of  the  violence  of  western  gales,  or 
possibly  as  being  more  out  of  the  afternoon  sun. 

The  mouths  of  the  two  nests  were  found  damaged  on  the  arrival 
of  the  birds  this  season,  and  they  repaired  them  with  strongly- 
thickened  rims.  They  carried  on  their  operations  without  any 
hesitation,  though  bricklayers  had  a  ladder  on  the  roof,  and  were  at 
work  within  reach  of  the  nests. 

On  the  12th  of  April,  M.  G.  Rayet,  while  examining  with  a 
spectroscope  an  immense  sun  spot,  saw  the  line  C  reversed,  and 
became  luminous  in  the  portion  answering  to  the  nucleus.  He 
remarks  that  he  only  knows  of  one  similar  case,  recorded  by  Secchi 
on  the  same  day  two  years  before  (April  12,  1869). 

On  the  19th  of  April,  M.  Delaunay  states  that  a  new  planet  was 
discovered  by  M.  Borelli  at  the  Observatory,  Marseilles.  It  was 
between  12  and  13  mag.,  and  is  to  be  called  Lydia.  It  is  the  110th 
now  known  of  the  group  between  Mars  and  Jupiter. 

Father  Secchi  describes  the  spectroscopic  examination  of  a 
large  solar  spot  on  the  4th  of  April.  He  describes  two  methods 
of  viewing  solar  protuberances.  "  One  consists  in  employing  a 
magnified  solar  image  and  a  narrow  slit,  the  other  a  small  image 
and  a  wider  sUt.  Both  have  their  advantages.  The  second  method 
acquaints  us  with  the  form  of  the  protuberances,  while  the  oth^  is 
better  adapted  to  the  analysis  of  the  different  rays.^'  He  describes 
the  great  spot  on  the  4th  of  April  as  crowned  by  a  very  bright 
protuberance,  and  surmounted  by  a  very  brilliant  cloud  {nuage) 
composed  of  the  elongated  and  juxtaposed  bodies.  This  persisted 
with  little  (^ange  of  form  from  nine  a.m.  to  three  p.m.,  and  a  trace 
was  visible  the  next  day.  ^^  The  cloud  was  accompanied  below  by  a 
very  bright  chromosphere :  the  rays  of  hydrogen  penetrated  the 
solar  disk,  and  appeared  very  bright  on  the  faculsB,  which  divided 
the  nuclei.'^  The  light  of  the  protuberance  was  sparkling,  and 
exhibited  the  appearance  mentioned  by  Lockyer,  and  often  ae&a  by 
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Secchi^  the  ray  0  seeming  double.  This^  and  similar  phenomena^ 
he  ascribes  to  the  flactaation  of  our  atmosphere.  He  also  noticed 
many  times,  while  viewing  the  cloud  and  protuberance,  ''  the  bright 
red  line  projecting  itself,  not  on  the  black  line  of  the  exterior  solar 
atmosphere,  but  wholly  on  the  most  refrangible  luminous  side, 
haying  a  black  line  on  the  side  of  the  extreme  red/^  This  he  con- 
siders to  arise  from  the  velocity  of  the  sun's  rotation  changing  the 
refrangibility  of  the  spectral  rays. 

The  aurora  of  the  5th  of  April  appears  to  have  been  extensively 
observed  in  France  and  Italy,  and  M.  Soniel  speaks  of  a  disagreeable 
gaseous  smell  in  a  mist  at  Paris  at  the  time. 

To  revert  to  a  subject  of  natural  history,  M.  N.  Joly  describes 
a  rotation  of  the  embryo  in  the  eggs  of  the  axalotl  similar  to  that 
well  known  in  the  eggs  of  water  snails. 

PAin)0fiiNA. — ^Pringsheim  has  recently  communicated  some  inte- 
resting observations  on  this  fresh- water  Alga,  to  the  Academy  of  Ber- 
lin. It  is  a  member  of  the  VolvociTiemy  and  each  of  its  cells  is  ciliated 
throughout  life, — a  fact  which  has  led  to  its  customary  classification 
among  animals.  Pandorina  generally  consists  of  sixteen  sphenoidal 
oells  (the  base  of  each  wedge  being  turned  outwards),  and  these, 
together  with  their  connective  tissue,  completely  occupy  the  space 
which  the  envelope  of  the  plant  encloses.  Each  cell  has  on  the 
outer  side  a  spot  from  which  the  cilia  proceed  and  penetrate  the 
envelope ;  and  near  this  is  a  granule  of  red  pigment,  which  Ehren- 
berg  termed  the  eye.  The  plant  is  propagated  both  sexually  and 
asexually.  In  the  latter  case,  each  of  the  original  cells  splits  up  into 
sixteen  others,  which  remain  united  to  each  other  and  also,  for  some 
time,  to  the  gelatinous  envelope,  which  eventually  dissolves,  thereby 
setting  them  free.  In  the  former  case,  some  abnormal  phenomena 
present  themselves.  A  new  plant  is  formed  as  before,  but  its  oells 
are  turned  to  account  only  as  a  means  of  sexual  reproduction ;  the 
common  membrane  dissolves  more  slowly,  and  the  cells  remain  longer 
in  groups.  At  length,  however,  they  separate  as  individual  spores 
{schwivrmsporen).  Each  of  these  spores,  like  all  Pandorina  oells  and 
most  spores  of  Alg»  which  contain  chlorophyll,  have  a  colourless  spot 
in  front,  from  which  ciUa  proceed,  and  a  red  pigment  granule  beside 
it.  Pairs  of  spores  unite,  always  at  the  points  of  ciliation,  at  which 
they  remain  in  contact,  and  eventually  blend  to  a  permanent  oospore. 
No  clear  difference  of  sex  can  be  discerned  in  the  pairs  of  spores ; 
and  they  vary  much  in  size.  The  oospores  germinate  when  placed 
in  water  after  drying,  their  contents  yielding,  as  a  rule,  but  a  single 
fipore,  seldom  two  or  three  spores ;  and  these  undergo  fission,  each 
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into  sixteen  cellules,  whicli  unite  to  form  one  Pandorina  plant. 
Fringsheim  considers  the  spermatozoids  and  impregnatory  globules 
of  Alg89  to  be  modified  '' spores,"  traces  their  analogues  among 
phanerogams  and  cryptogams,  and  broadly  states  that  the  outline 
of  all  reproductive  bodies  in  plants  is  the  germ  of  this  spore. 

Functions  of  Stomata. — It  was  demonstrated  by  Von  Mohl,  in 
the  year  1856,  that  stomata  are  the  subjects  of  a  periodic  movement, 
opening  in  the  daytime  and  closing  at  night.  Czech  has  resumed 
the  study  of  this  subject,  and  finds  that  MohVs  conclusion  is  true 
for  those  stomata  only  which  occupy  the  green  parts  of  plants. 
These  he  has  always  observed  to  be  wide  open  at  midday;  the 
aperture,  however,  being  less  extended  when  acted  on  by  merely 
reflected  light,  or  in  dull  and  cloudy  weather.  Experiments  with  a 
hyacinth  showed  that  the  medium-sized  stomata  of  that  plant  require 
fifty  minutes  for  complete  opening  or  shutting.  On  the  other  hand, 
it  was  found  that  the  stomata  of  those  parts  of  plants  which  had 
other  tints  than  green  were  unaffected  even  by  intense  sunlight; 
nor  has  light  any  influence  on  the  green  parts  of  an  Aspidistra  which 
grows  in  the  shade.  Hence  Czech  infers  that  the  stomata  or  parts 
that  are  not  green,  are  always  closed ;  they  probably  are  limited  in 
their  functions  to  an  exchanging  of  gases. 

Stomata  belonging  to  the  green  parts  of  plants  have  an  addi- 
tional function  to  perform,  namely,  that  of  aqueous  transpiration. 
It  seems  reasonable  to  anticipate  that,  if  we  take  two  species  belong- 
ing to  a  single  genus,  one  being  a  plant  with  a  dry  habitat,  another 
prefering  a  moist  locality,  the  latter  will  have  relatively  the  greater 
number  of  stomata.  By  taking  into  account  the  upper  as  well  as 
the  under  side  of  the  leaves,  and  adopting  a  square  millimeter  as 
the  unit  of  comparison,  Czech  has  verified  his  deduction.  The 
genera  examined  were  Populus,  Brassica,  Solarium,  jPimw,  BetuJa, 
Q,uercu8, 

Spectrum  op  Elater  noctilucns. — ^According  to  the  observations 
of  Professor  Young,  the  light  from  this  insect  furnishes  a  continu- 
ous spectrum,  without  a  trace  of  bright  or  dark  lines.  The  spectrum 
lies  almost  wholly  between  the  Fraunhofer's  lines  0  and  F,  where 
thermic  and  active  influences  are  at  a  minimum,  nearly  the  whole 
of  the  rays  being  devoted  to  luminous  effects.  Artificial  light  has 
not  yet  succeeded  in  equalling  this  economy. 

Stellab  Photogkaphy. — Remarkable  success  has  been  met  with 
in  this  department  of  photography  by  Rutherford.  Having  a  very 
superior  objective  at  his  command,  he  has  been  enabled  to  photograph 
several  groups  of  stars,  more  especially  the  Pleiades,  an  exposure  of 
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three  to  four  minutes  being  frequently  sufficient  for  the  purpose. 
With  the  help  of  a  micrometer  of  his  own  construction,  he  has 
measured  the  distances  between  these  stars,  and  has  compared  the 
results  with  BessePs  astronomical  determinations.  The*  agreement 
is  extraordinary,  and  serves  to  establish  the  photographic  method 
on  the  one  hand,  while,  on  the  other,  it  confirms  Bessel's  numbers. 
It  also  proves  that  the  members  of  the  group  referred  to  have  not 
altered  their  relative  distances  for  a  quarter  of  a  century. 

Velocity  of  Sound  in  Pipes. — This  subject  has  recently  been 
investigated  afresh  by  Seebeck,  whose  results  are  not  quite  in 
accordance  with  those  of  previous  experimenters.  He  finds  that  the 
velocity  of  sound  in  pipes  is  always  smaller  than  in  an  unconfined 
space,  and  so  far  depends  (1)  on  the  inner  surface  of  the  pipe ;  (2)  on 
the  magnitude  of  the  pipers  section,  the  loss  of  velocity  (in  narrow 
tubes,  at  least)  being  inversely  proportional  to  the  diameter ;  and  (3) 
on  the  pitch,  the  loss  being  smaller  as  the  pitch  diminishes. 

Vitriol  Manufactueb. — In  this  manufacture,  sulphuric  dioxide 
(which  is  produced  by  burning  sulphur  or  a  sulphide  in  air)  is  con- 
ducted into  a  series  of  leaden  chambers,  where,  by  the  joint  action 
of  air,  steam,  and  vapour  of  hydric  nitrate,  oil  of  vitriol  is  formed. 
According  to  theory,  the  action  of  hydric  nitrate  (or  rather  nitric 
peroxide,  which  it  yields  under  these  conditions)  is  continuous,  that 
is,  a  given  amount  of  nitric  peroxide  can  convert  any  quantity  of 
sulphuric  dioxide,  however  great,  into  oil  of  vitriol.  Practically, 
more  nitrate  has  to  be  applied  from  time  to  time. 

P.  W.  Hofmann  has  explained  the  difficulty.  When  very  little 
water  is  present,  nothing  but  the  well-known  '^  lead-chamber  crys- 
tals''  is  formed,  and  no  oil  of  vitriol.  When  more  water  is  present 
nitric  peroxide  acts  continuously,  in  accordance  with  theory;  when 
still  more  water  accumulates,  the  nitric  peroxide  is  transformed  into 
nitrous  oxide,  which  is  not  oxidised  by  air,  and  therefore  cannot  act 
continuously.  Hofmann  recommends  using  a  medium  amount  of 
water,  so  that  the  oil  of  vitriol  formed  never  has  a  lower  specific 
gravity  than  60°  Baum^.  In  this  way  he  has  already  succeeded 
in  reducing  the  nitrate  to  1  per  cent,  of  the  yield  of  vitriol. 
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Me.  Wallace  has  just  published  an  interesting  collection  of  Essays 
written  at  various  times  for  periodicals,  our  own  amongst  the  num- 
ber, and  he  enters  upon  the  curious  question  of  natural  selection 
considered  in  reference  to  its  action  upon  the  development  of  the 
human  race. 

It  is  constantly  necessary,  in  speaking  of  Darwin's  great  doctrine, 
to  guard  against  the  notion  that  natural  selection  alone  ca^  be  the 
origin  of  species;  and  we  wonder  that  so  acute  a  thinker  as  Mr.  Wallace 
should  actually  name  a  series  of  propositions,  which  he  has  arranged 
in  logical  order,  "  A  Demonstration  of  the  Origin  of  Species  by 
Natural  Selection.^'  If  Darwinianism  be  true,  we  have  first,  organic 
life  with  powers  of  reproduction  and  variation;  then  the  operation 
of  surrounding  conditions  killing  off  those  least  able  to  conform  to 
the  circumstances  under  which  they  must  live  or  die ;  and  finally  the 
"survival  of  the  fittest,^'  to  use  Herbert  Spencer's  happy  term. 
The  perpetual  repetition  of  these  processess  may  easily  give  rise  to 
so-called  "  species ''  which  are  only  varieties  capable  of  hereditary 
procreation  within  certain  limitq.  To  get  at  a  real  origin  of  species, 
supposing  these  are  the  methods  of  operation,  we  must  arrive  at 
the  cause  of  descent  with  variation,  and  at  the  cause  of  such  co-ordi- 
nations of  circumstances  as  will  account  for  the  highly  complex,  and 
yet  orderly  arrangement  which  science  traces  in  the  universe 
around  us.  There  is  a  sense  in  which  a  spark  is  the  cause  of  an 
explosion ;  but  if  we  are  told  that  a  house  was  blown  up  because  a 
spark  fell  upon  its  floor,  we  inquire  what  combustible  and  explosive 
material  was  thereupon  deposited,  and  we  only  assign  to  the  spark 
the  power  of  determining  one  of  many  conditions  by  which  the 
result  was  produced. 

Mr.  Darwin  has  shown,  with  a  marvellous  fullness  of  fact  and 
illustration,  how  natural  selection  influences  or  determines  the  for- 
mation of  species ;  and  from  the  Essays  before  us  it  is  evident  that 
Mr.  Wallace,  by  independent  thought  and  investigation,  had  arrived 
at  very  similar  conclusions,  but  no  philosopher  has  yet  traced  many 
of  the  most  important  steps. 

Certain  difficulties  connected  with  the  operation  of  the  Darwin- 
ian law  come  out  very  forcibly  when  attempt  is  made  to  apply  it 
to  the  development  of  the  human  race,  and  with  them  Mr.  Wallace 

*  "  Contributions  to  the  Theory  of  Natural  Selection ;"  a  series  of  Essays  by  Alfred 
Eussell  Wallace,  Author  of  *<The  Malay  Archipelago/'  etc,  etc.  Macmillan  and  Co. 
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endearvours  to  deal.  He  shaws^  firsts  how  certain  kinds  of  mental 
and  moral  development  which  &yoar  co-operation  and  division  of 
labour^  would  enable  a  more  developed  race  to  beat  a  less  developed 
one  in  the  battle  of  life.  He  considers  that  ^^  man  was  a  homo- 
genous race  at  a  very  remote  period  of  his  history — a  period  of 
which  we  have  as  yet  discovered  no  remains^  one  so  far  oflF  that  he 
had  not  yet  acquired  that  wonderfully  developed  brain,  the  organ 
of  the  mind,  which  now,  even  in  his  lowest  examples  raises  him 
far  above  the  highest  of  brutes.^'  At  this  remote  era  Mr.  Wallace's 
man  had  not  acquired  ''human  speech,  nor  those  sympathetic  and 
moral  feelings  which  in  a  greater  or  less  degree  everywhere  distin- 
guish the  race,'' 

Man's  intelligence  and  capacity  for  combination,  give  him  a 
power  of  nsing,  or  resisting,  external  circumstances  to  an  extent  far 
greater  than  that  possessed  by  any  other  creature,  and  there  is  no 
reason  to  suppose  that  '^  natural  selection,"  will  ever  change  him 
into  anything  substantially  different  from  what  he  is. 

In  considering  the  limits  of  the  action  of  natural  selection  in 
man,  Mr.  Wallace  calls  attention  to  the  very  significant  fact  that 
while  the  brain  of  the  lowest  savages  probably  averages  five-sixths 
of  the  size  of  the  brain  of  civilized  man,  the  brain  of  the  anthropoid 
apes  scarcely  amounts  to  one-third  of  that  of  man.  Thus  man  in 
a  very  low  condition  appears  to  possess  a  sort  of  reserved  force  of 
brain  which  does  not  come  into  operation  until  civilization  acts 
upon  him,  except  so  far  as  to  render  the  first  steps  of  civilization 
possible.  The  lives  of  the  lower  savages  exhibit  little  advance 
upon  those  of  brutes — ''a  brain  slightly  larger  than  that  of  the 
gorilla  would  have  sufficed  for  the  limited  development  of  the 
savage,"  and  ''  we  must  therefore  admit,"  says  Mr.  Wallace,  ''  that 
the  large  brain  he  actually  possesses  could  never  have  been  solely 
developed  by  any  of  those  laws  of  evolution,  whose  essence  is  that 
they  lead  to  a  degree  of  organization  exactly  proportionate  to  the 
wants  of  each  species,  and  never  beyond  those  wants."  Unde- 
veloped man  no  doubt  exhibits  capacities  beyond  his  attainments, 
but  if  higher  species  are  developed  by  descent  with  variation, 
natural  selection,  etc.,  from  lower,  is  not  this  the  case  all  through? 
Does  not  the  experience  gained  by  man  in  taming  and  teaching  a 
variety  of  creatures  point  to  the  same  fact,  and  does  not  nature 
bestow  upon  all  the  highly  organized  creatures,  if  not  upon  lower 
ones,  a  brain  power  beyond  what  they  habitually  use  ? 

''The  brain  of  prehistoric  and  savage  man,"  exclaims  Mr. 
Wallace,  "seems  to  me  to  prove  the  existence  of   some  power. 
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distinct  from  that  which  has  guided  the  development  of  the  lower 
animals  through  their  ever  varying  process  of  being/'  The  existence 
of  a  power  superior  to  that  of  all  the  so-called  secondary  causes 
may  be  more  clearly  traceable  in  man's  development  than  in  that 
of  the  lower  animals,  but  the  superior  power  is  surely  to  be  recog- 
nized in  all  regions  and  in  all  directions,  and  it  is  a  grave  logical 
and  metaphysical  mistake  to  suppose  that  secondary  causes  suffice, 
without  constant  reference  to  a  primary  cause  to  explain  what 
exists. 

Mr.  Wallace  thinks  that  natural  selection  could  never  have 
given  civilized  man  a  hairless  body,  as  all  savages  exposed  to  cold  or 
wet,  adopt  a  covering  for  the  back,  and  hair  in  that  position  would 
be  advantageous  to  them,  and  that  we  cannot  suppose  the  absence  of 
hair  on  the  body  to  be  correllated  with  development  of  the  brain, 
but  why  not  ?  Correllations  do  not  stand  to  each  other  as  cause 
and  effect,  and  if  throughout  nature  we  find  vast  numbers  of  cor- 
relations useful  or  beneficial,  why  should  we  hesitate  to  recognize 
an  intelligent  cause  ?  We  quite  agree  with  Mr.  Wallace  in  his 
deductions,  that  a  power  other  than  natural  selection  is  demonstrated 
by  the  facts  pertaining  to  man,  but  we  think  all  that  the  appearance 
of  man  upon  the  scene  does  is  to  confirm  and  extend  proofs  of  an 
analogous  kind  that  would  be  drawn  from  the  lower  world.  Doubt- 
less the  universe  contains  beings  higher  than  man,  and  if  we  knew 
their  nature  and  development  we  should  expect  a  more  striking 
proof  of  the  same  ultimate  fact. 

Mr.  Wallace  finds  it  impossible  to  believe  that  the  '^  intense  and 
mystical  feeling  of  right. and  wrong,''  which  man  exhibits  can  be 
the  mere  result  of  accumulated  ancestral  experience  of  the  utility  of 
moral  sentiments  and  so  forth,  and  others  will  feel  the  same 
difficulty.  ^^ Natural  selection"  alone  could  not  account  for  such 
results,  but  its  operation,  though  of  great  importance,  is  limited  all 
through  its  sphere  of  action,  and  we  see  no  region  in  which  there 
is  not  a  logical  necessity  for  an  Intelligent  First  Cause.  Mr. 
Wallace  winds  up 'his  arguments  by  commenting  on  the  difficulties 
of  proving  the  existence  of  matter,  and  the  probability  that  will  is 
the  great  ultimate  force. 

Man  is  subject  like  other  creatures  to  the  incidents  which  give 
rise  to  natural  selection.  His  power  of  multiplication  and  the 
difficulty  of  procuring  food  brings  about  a  battle  for  Ufe,  and  the 
weaker  races  perish  in  collision  with  the  strong.  A  premature 
development  of  moral  or  aesthetic  faculties  only  helps  to  make  the 
race  that  grows  in  this  direction  the  prey  of  another  which  unites 
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strong  animal  instincts  with  the  human  capacity  for  organization. 
At  last  a  point  is  reached  in  which  the  gentler  side  of  life  may  be 
cultivated  without  perils  and  when  the  sword  can  be  safely  beaten 
into  the  ploughshare ;  natural  selection  may  favour  races  remarkable 
for  benevolence,  but  it  will  not  let ''  the  ape  or  tiger  die  ^'  while 
their  qualities  are  in  demand. 
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BY   HENBY  J.    SLACK^    F.G.8.,    SEC.  B.M.S. 

Well  knowing  the  objections  to  publishing  incomplete  investiga- 
tions, I  yet  think  it  desirable  to  call  the  attention  of  microscopists 
to  some  appearances  I  have  just  noticed  in  various  diatoms  of  the 
genus  Pinnularia,  with  a  view  to  enlist  their  co-operation  in  a  fresh 
investigation  of  these  objects. 

It  is  usual  to  assume  that  the  PinnulaHce  (Sm.)  are  distin- 
guished from  Naviculce  by  the  presence  of  costae,  or  ribs,  not 
divisible  into  beads.  Some  time  ago,  when  examining  a  fine 
Moller*s  type  slide,  which  Mr.  Curteis  (of  Baker's)  obtained  for  me, 
I  was  much  struck  with  the  gradual  transition  from  rows  of  beads, 
unmistakable  with  powers  of  ^th  and  -^th,  to  similar  rows  which  the 
same  powers  showed  almost  in  contact,  quite  in  contact,  and 
finally  to  so-called  costae,  or  ribs.  Beck's  -^^th,  from  its  moderate 
angle  of  aperture,  is  far  better  adapted  to  many  physiological  and 
natural  history  purposes  than  a  larger-angled  glass,  but  it  was  only 
reasonable  to  expect  that  one  of  the  latter  construction  would 
resolve  many  rows  that  might  look  like  ribs  to  the  former. 

I  have  just  been  viewing  the  so-called  PinnularicB  in  MoUer's 
slide  (he  ranges  them  under  the  head  of  Naviculce),  with  Powell  and 
Lealand's  new  and  very  remarkable  -J-th,  using  the  immersion  front. 

m 

I  find  the  so-called  costas  of  many  species,  resolvable  into  beads — 
some  plainly,  others  only  in  an  indicatory  way.  I  hope  to  resume 
the  subject  by-and-by.  P.  CLcuminata,  hemiptera,  Brebissoni, 
borealis,  gibha,  do.  forema  gracilis  fneaolepta,  and  others,  were 
found  most  manageable.     I  used  the  -^th  with  Boss's  D  eye-piece. 

I  will  now  ask  the  opinion  of  microscopists  on  another  point. 
If  P.  nobilis,  major,  or  viridis,  is  illuminated  with  unilateral  light, 
either  by  Beade's  prism,  or,  what  I  prefer,  a  single  radial  slot  in  a 
large-angled  condenser,  and  power  from  -I-  inch,  with  a  deep  eye- 
piece, up  to  Jth  or  -aVtt,  are  employed,  on  focussing  downward  the 
VOL.  I.  N.s. — NO.  in.  Y 
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so-called  costsB  appear  as  fingers  laid  on  the  surface  of  tlie  diatom^ 
and  tliis  is^  I  believe^  the  usual  reading ;  but^  especially  with  the 
immersion  -g^th^  a  much  sharper  definition  is  obtained  by  focussing  a 
trifle  lower^  when^  instead  of  thick  fingers^  delicate  ribs  are  seen 
proceeding  from  the  median  band.  Two  of  these  delicate  ribs, 
with  the  interspace,  make  one  of  the  finger-like  costas  seen  the  first 
way.  Perhaps  they  are  seen  most  easily  when  the  single  pencil  of 
light  is  sent  up  between  them  towards  the  median  band ;  but  it  is 
instructive  to  try  a  cross  light  from  left  to  right,  and  then  vice  versa, 
noting  the  change  in  the  position  of  the  shadows. 

With  this  focussing  and  illumination  the  ribs  do  not  look  as 
finger-shaped  objects  placed  upon  the  diatom,  but  as  slender  pro- 
longations from  the  median  band.  The  ribs  make  loops  where  they 
join  the  median  band,  the  whole  appearance  being  like  a  series  of 
narrow  arches  surmounting  long  thin  shafts. 

In  using  MoUer's  slide  to  investigate  unknown  objects,  I  find  it 
handy  to  adjust  for  thickness  of  the  covering  glass  upon  the 
N.  rhomhoidesy  which,  notwithstanding  the  Canada  balsam  em- 
ployed, allows  both  sets  of  lines  to  be  seen.  This  is  the  case  with 
my  slide,  and  with  another  kindly  lent  me  by  Mr.  Curteis. 

Powell  and  Lealand^s  new  -J^th  is  remarkable  for  its  chromatic 
as  well  as  its  spherical  corrections.  It  gives  a  sharper  definition 
than  any  of  their  elder  patterns  which  I  have  seen,  and  is  free  from 
the  chromatic  errors  that  used  to  be  thought  inseparable  from  very 
clear  definition.     It  is  certainly  a  splendid  triumph  of  optical  art. 
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An  interesting  lanar  region,  that  lias  been  very  inadequately  described, 
is  found  on  the  northern  hemisphere  of  the  Moon,  between  the  well- 
known  spot  Plato  and  the  Ic^west  edge  or  limb  of  the  Moon  as  seen 
in  an  inverting  telescope.  This  region,  which  is  situated  between 
the  craters  Fontenelle,  Timasus,  and  Epigenes,  of  Beer  and  Madler, 
comes  into  sunlight  about  and  just  after  the  first  quarter.  Beer  and 
Madler  speak  of  it  as  calculated  to  ^^  throw  the  observer  into  the 
highest  astonishment,  '^  and  certainly  as  the  Sun  rises  upon  it  and 
illuminates  one  after  another  the  ridges  of  mountains  which  compose 
it,  it  is  a  magnificent  spectacle.  The  three  leading  objects,  the 
craters  above-named,  which  may  easily  be  found  by  means  of  Webb^s 
index  map  in  his  '^  Celestial  Objects  for  Common  Telescopes,^'  are  the 
three  angular  points  of  the  region.  It  is  naturally  divided  into  two 
distinct  areas,  and  is  bounded  on  the  south  by  the  Mare  Frigoris. 
The  western  division  consists  of  very  rugged  land,  the  principal 
feature  being  a  bold  promontory,  more  or  less  clefb^  which  stretches 
into  the  Mare  Frigoris  towards  Plato.  Between  the  rugged  land  on 
the  west,  and  a  very  individualized  depressed  surface  on  the  east,  a 
sinuous  mountain-chain  extends  from  the  promontory  above-named 
to  the  fine  bold  eastern  portion  of  the  rim  of  Epigenes.  This 
crater  is  an  interesting  instance  of  a  feature  by  no  means  uncommon 
on  the  Moon,  viz.,  portions  of  walled  plains  occurring  in  extensive 
lines  of  cKffs  or  mountaiDS.  In  many  instances  the  clifis  are 
interrupted  or  broken,  so  as  to  form  extensive  bays  on  the  surfaces  of 
the  plains  and  bold  promontories  at  the  points  of  their  inosculation. 
The  west  border  of  Epigenes  forms  a  portion  of  another  range,  west 
of  and  nearly  parallel  with  the  before-mentioned  chedn  of  mountains. 
The  western  range  rises  to  a  considerable  altitude  on  the  west 
border  of  Epigenes,  and  is  continued  to  a  high  mountain  at  the  west 
end  of  a  fine  walled  plain  just  west  of  the  crater  Anaxagoras.  This 
plain  is  surrounded  by  high  mountains,  and  is  by  far  the  grandest 
and  most  imposing  object  in  this  lunar  landscape.  It  remained 
unnamed  until  the  late  Dr.  Lee  suggested  the  designation 
''  GoLDSCHMiDT^'  as  Suitable  for  it.  The  eastern  division  of  this 
region — ^which,  as  before  stated,  consists  of  a  depressed  surface — ^is 
not  much  raised  above  the  surface  of  the  Mare  Frigoris  on  the  south. 
The  N.E.  boundary  forms  a  separation  between  two  levels,  as  if  a 
''  fault'^  had  occurred  in  the  line  between  Fontenelle  and  Epigenes. 
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The  lower  level,  which  has  upon  it  two  short  mountain  arms  stretch- 
ing outwards  from  the  N.E.  boundary  of  the  depressed  surface,  ex- 
tends towards  Anaxagoras,  and  is  generally  smooth.  There  is  in 
its  neighbourhood  a  well-marked  crater  forming  a  triangle  with  the 
N.E.  angle  of  the  depressed  surface  east  of  the  rugged  land  and 
Fontenelle.  Between  this  crater  and  Fontenelle  an  imperfect 
elliptical  depression  exists,  and  another  may  be  noticed  to  the  N.E* 
of  this.  Between  the  craters  Timaeus,  Fontenelle,  and  Anaxagoras, 
the  observer  will  find  three  very  distinctly  marked  and  individualized 
formations,  viz.,  the  rugged  land  west  of  the  mountain  chain  passing 
through  the  east  border  of  Epigenes ;  the  depressed  surface  on  the 
east  of  the  same  mountain  chain  (the  interior  of  this  depressed 
sur&ce  contains  several  interesting  objects) ;  the  third  formation  is 
the  depressed  surface  extending  towards  Anaxagoras.  To  trace  out 
these  features,  to  observe  during  the  progress  of  the  illumination  of 
the  northern  parts  of  the  Moon^s  disk  the  changes  in  aspect  which 
they  undergo  as  the  Sun  rises  higher  above  them,  an  das  that  hitherto 
unexplained  and  mysterious  metamorphosis,  which  so  gradually  creeps 
over  the  surface,  obliterating  some  objects  and  bringing  out  others 
not  seen  before,  passes  through  its  various  phases,  together  with  the 
gradual  streaking  of  the  landscape  with  the  rays  from  Anaxagoras, 
form  a  pleasing  and  instructive  occupation  with  the  telescope  while 
the  Moon  is  passing  fromher  first  quarter  to  full;  and  to  those  students 
who  prolong  their  watchings  to  '^  early  dawn,^'  the  formations  seen 
under  the  reverse  light  are  full  of  interest. 
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The  Rev.  William  Allen  Whitworth,  has  recently  issued  a 
second  edition  of  Lis  clever  book  on  ^^  Choice  and  Change/'*  sup- 
plying a  valuable  and  highly  amusing  treatise  on  probabilities 
applied  to  a  great  number  of  matters  of  general  interest,  games  of 
chance,  possibilities  of  choice,  etc.,  etc. 

From  the  pen  of  Mr.  George  Catlin  we  have  a  strange  little 
book  solemnly  recommending  men  to  '^Shut  their  Mouths  and 
Save  their  Lives.^'f  The  same  author  brings  before  us  a  work  on 
^'  The  Lifted  and  Subsided  Bocks  of  America,  with  their  influence 
on  the  Oceanic,  Atmospheric,  and  Land  Currents ;  and  the  Distri- 
bution of  Races.^'t  Mr.  Catlin  during  his  travels  met  with  some 
instances  and  many  indications  of  subterranean  waters  under  the 
Rocky  Mountains  and  the  Andes,  and  from  these  circumstances  he 
makes  a  bold  jump  to  a  theory  of  the  Gulf  Stream,  which  he 
fancies  to  indicate  the  existence  of  a  river  *'many  times  larger 
than  the  Mississippi  and  nearly  twice  the  Mississippi's  length,  gliding 
through  the  clear  and  vast  rocky  cellars  of  the  upheaved  moun- 
tains,'' and  at  last  reaching  the  Gulf  of  Mexico.  ^'Through  the 
heated  vaults  underneath  the  Andes,"  he  '^  contemplates  a  similar 
river  running  from  near  the  thirtieth  degree  S.  lat.  to  the  north,  and 
conveying  their  overflowing  waters  also  into  the  Caribbean  sea." 
Speaking  of  the  Indian  races  he  points  out  that  their  traditions  of 
the  creation  of  man  do  not  seem  derived  from  the  Mosaic  account. 
*^  The  Choctaws  assert  that  they  were  created  crawfish,  living  alter- 
nately under  the  ground  or  above  it  as  they  chose,  and  coming  out 
of  their  little  holes  to  get  the  warmth  of  the  sun  one  sunny  day,  a 
portion  of  the  tribe  was  driven  away  and  could  not  return.  These 
built  the  Choctaw  villages,  and  the  remainder  of  the  tribe  are  still 
underground.  The  Sioux  relate  with  great  minuteness  their  tradi- 
tions of  the  creation.  They  say  that  the  Indians  were  all  made 
from  the  red  pipe-stone,  which  is  exactly  of  their  colour.  Other 
tribes  were  created  under  the  water,  and  at  least  one-half  the  tribes 

■ 

•  "Choice  and  Change/'  by  the  ^BeT.  William  Allen  Whitworbh,  M.A.,  Fellow  of 
St.  John's^  Coll.,  Cambridge.  Second  Edition,  enlarged.  (Cambridge,  Deighton,  Bell, 
and  Co. ;  London,  Bell  and  Daldy.) 

t  *'  Shat  your  Month  and  Sa^e  yonr  Life,*'  by  Greorge  Catlin,  author  of  "  Notes  of 
Travel  amongst  the  North  American  Indians,"  etc.,  etc.  With  29  Illustrations  from 
drawings  by  the  antnor.     Fourth  Edition,  considerably  enlarged.    (Trubner  and  Co.) 

X  "The  Lifted  and  Subsided  Bocks  of  America,  with  their  influence  on  the 
Oceanic,  Atmospheric,  and  Land  Currents ;  and  the  Distribution  of  Baces,"  by  George 
Catlin.     (Trubner  and  Co.) 
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in  America  represent  that  man  was  first  created  underground,  or  in 
the  rocky  caverns  of  the  mountains/' 

Eev.  W.  Mattieu  Williams,  F.C.S.,  has  produced  a  very  pains- 
taking essay  on  the  *^  Fuel  of  the  Sun,''*  but  we  fear  scientific  men 
will  find  his  reasoning  vitiated  by  some  fundamental  misconcep- 
tions. He  estimates  the  pressure  of  the  sun's  atmosphere  at  his 
surface  as  equal  to  more  than  fifteen  thousand  of  our  atmospheres 
and  reckons  upon  an  enormous  heat  being  the  result  of  the  com- 
pression of  the  lower  strata.  This  heat  he  conceives  would  produce 
dissociation  of  water,  etc.,  and  that  action  would  give  rise  to  cooling. 
Now  it  is  evident  that  we  must  not  deal  with  the  sun's  atmosphere 
as  if  we  had  a  mass  of  cold  rarified  gases  which  we  could  condense 
by  ike  application  of  the  pressure  supposed,  and  what  would  hap- 
pen in  the  way  of  dissociation  under  such  gigantic  pressure  we  do 
not  know.  The  author  thinks  the  sun  is  not  so  hot  as  physicists 
suppose,  and  he  imagines  solar  heat  maintained  by  a  constant 
condensation  of  the  atmosphere  of  space.  He  imagines  the  sun, 
as  he  passes  through  space,  leaving  a  friction  trail  behind  him,  and 
compensating  himself  by  attracting  matter  in  front  of  him,  the 
condensation  of  which  would  evolve  heat.  If  we  understand  his 
theory  he  supposes  that  the  intensity  of  solar  heat  may  result 
from  the  radiation  of  lower  degrees  of  intensity  from  successive 
layers,  each  outer  one  permitting  the  passage  of  heat  from  those 
below  it.  The  heat  of  several  layers  of  the  same  intensity  being 
conceived  to  combine  and  produce  a  heat  of  greater  intensity.  If 
we  could  raise  temperature  by  adding  heat  in  this  way,  a  sufficient 
number  of  surfaces  radiating  boiling  water  heat  ought  to  melt  iron. 
If  in  this  and  in  other  particulars  physicists  will  totally  differ  from 
the  author,  we  cannot  but  regret  that  he  should  have  expended  so 
much  talent  and  ingenuity  as  his  book  evinces  upon  a  disscussion 
destitute  of  sufficient  basis  in  logic  and  fact. 

Mr.  Josiah  MUler,  M.A.,  makes  a  bold  attempt  to  exhibit  the 
'' Inductive  Method  in  Scripture  and  Scienoe,"t  and  Dr.  J.  H. 
(aladstone  supplies  a  pre&ce.  Neither  of  these  gentlemen  seem  to 
have  any  idea  of  the  immense  range  of  inquiry  when  theological 
belief,  the  authority  of  sacred  books,  etc.,  etc.,  is  to  be  investigated 
scientifically.  They  assume  what  they  ought  to  prove,  and  Mr* 
Miller    speaks    of    an    ^^  inductive    inquirer,"    '^  beginning    with 

•  "The  Tuel  of  the  Snn,"  by  W.  Mattieu  Williams,  P.CS.^uihor  of  "Throngb 
ISorwKj  yrith  a  Ejiapsaok,*'  eto.    (Simpkin,  Marshall|  and  Go.) 

t  "  Christiannm  Organnm ;  or,  the  iBdactive  Method  in  Scripture  and  Science,'^ 
hy  JoBiah  Miller^  M.A.,  author  of  "  Singers  and  Song^  of  the  Chnrch,**  etc.,  with  an 
introdnotion  bj  John  Hall  Gladstone,  Ph.D.,  F.B.S.    (Longmans.) 
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patting  fidth  in  the  Scriptares  as  God^s  Bevelation/^  He  might  as 
well  propose  an  indactive  inquiry  into  the  movement  of  celestial 
bodies  and  then  require,  as  a  first  step,  faith  in  the  laws  ennnci- 
ated  by  Kepler  and  Newton.  Deduction  plays  as  important  a 
part  in  most  comprehensive  investigations  as  induction,  but  which* 
ever  mel^od  be  adopted,  scientific  roles  require  that  nothing  shall 
be  taken  for  granted  that  is  not  sdf-evident  or  axiomatic. 

Mr.  A.  Pettigrew  comes  to  aid  fiunilies  living  in  the  country 
with  a  '^  Handy  Book  about  Bees.^'*  We  should  recommend  this 
book  as  an  addition  to,  rather  than  a  substitute  for  the  well-known 
'^  Bee-Keeper's  Manual,'^t  hy  Henry  Taylor,  which  still  remains  the 
best  authority  on  the  subject.  Mr.  Pettigrew  recommends  a  little 
known  anassthetic  for  stupifying  bees,  in  the  shape  of  a  fragment  of 
old  corduroy  or  fustian  breeches !  He  speaks  very  highly  of  its 
action,  and  says  his  father  used  fustian  smoke  nearly  70  years  ago. 
The  directions  to  the  bee-keeper  are  simple  enough,  '^  Gret  a  piece 
(of  old  worn-out  fustian  or  corduroy)  the  size  of  a  man's  hand,  rolled 
up  rather  tight,  and  fired  at  one  end,  not  to  blaze,  but  simply  to 
smoke.  Let  him  now  place  the  smoking  end  so  close  to  ihe  door 
of  a  hive  that  all  the  smoke  may  go  in  when  he  blows  on  it.  After 
six  or  eight  puffs  have  been  sent  into  a  hive,  let  him  lift  it  off  the 
board,  turn  it  gently  upside  down,  so  that  the  bees  and  combs  stare 
him  in  the  faoe.  By  holding  and  moving  the  smoking  end  of  the 
rags  over  the  face  of  the  bees,  and  blowing  the  smoke  amongst 
them,  they  run  helter  skelter  down  amongst  the  combs,  far  more 
afraid  than  hurt.  Now  he  can  carry  the  hive  round  his  garden 
under  his  arm,  and  round  the  house  and  over  it  too  if  he  chooses, 
without  being  stung.  Whenever  the  bees  are  likely  to  rise,  they 
should  be  dosed  again.'' 

Mr.  Pettigrew  is  strongly  in  favour  of  large  hives,  holding  from 
100  to  168  lbs.  of  comb  and  honey.  He  says,  ''straw  hives  well 
sewed  with  split  canes  or  bramble  briars  are  incomparably  better 
for  bees  than  any  other  kind  of  hive  yet  introduced."  Most  practical 
bee-keepers  will  confirm  this  opinion,  and  the  ridiculously  expensive, 
complicated  contrivances  which  many  people  have  been  persuaded 
to  employ  has  greatly  tended  to  diminish  bee-keeping,  and  sicken 
them  of  a  pursuit  they  would  have  followed  steadily  had  they  not 
been  misled.  The  ''Handy  Book"  gives  plain  directions  about 
managing  bees  at  various  seasons,  hiving  swarms,  taking  honey, 

•  *'Tfaa  Bmody  Book  of  Bees.**   Being  a  Praotioia  Treatue  an  tiieir  Frofitable 
ICaaagement,  by  A.  Pettigrew.    (Blaokwood  and  Bom.) 
t  Groombridge  and  Sons. 
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and  using  the  various  appliances/^  ekes/'  ''supers/'  ''nadirs/'  etc., 
required  for  the  new  swarming  system.  Like  Mr.  Taylor  the 
author  recommends  simple  methods,  and  protests  against  many 
stupid  practices  common  in  villages,  and  continued  without  reason 
from  one  generation  to  another. 

Mr.  Thomas  Twining  has  issued  a  "  Memorandum,"  which  he  calls 
"  Science  for  the  People,"*  explaining  his  praiseworthy  and  success- 
ful efforts  to  popularize  elementary  scientific  knowledge  by  lectures, 
which  he  causes  to  be  read  by  one  of  his  assistants,  and  experi- 
mentally illustrated  by  another.  The  lectures  themselves  will,  we 
suppose,  from  his  remarks,  shortly  appear. 

Dr.  Arnott  contributes  to  the  education  cause  a  short  essay 
entitled  "  Observations  on  National  Education,"t  iii  which  amongst 
other  desirable  things  he  advocates  giving  fair  play  to  the  culture  of 

girls. 

Mr.  Rupert  Jones  continues  his  valuable  labours  in  editing  the 
"  Beliqui89  Aquitanicae  "t  and  the  tenth  part  recently  issued  contains 
an  interesting  essay  by  M.  E.  Lartet  on  "  the  employment  of  Sewing 
Needles  in  Ancient  Times."  The  Ancient  Egyptians  had  well-made 
bronze  needles  with  eyes  much  like  our  own,  and  in  this  work  a 
piece  of  sandstone  from  the  Cave  of  Massat,  is  grooved  as  if  used 
to  grind  the  bone  needles  to  a  proper  size  and  form.  The  old  cave 
folks  pierced  their  needles  with  eyes  of  which  figures  are  given, 
and  if  they  broke  a  long  needle  they  made  it  into  a  shorter  one. 

The  plates  accompanying  this  part  are  as  excellent  as  usual,  and 
the  bone  implements  figured  exhibit  various  kinds  of  simple  orna- 
mentation and  rude  outlines  of  figures.  Some  of  the  patterns  are 
by  no  means  destitute  of  taste,  and  one  exhibits  a  pleasing  com- 
bination of  flowing  curves. 

Mr.  Donovan  has  published  a  "Handbook  of  Phrenology," ||     It 

*  **  Soienoe  for  the  People.  A  Memorandam  of  Tarioiu  means  for  Propagating 
Scientific  and  Practical  Knowledge  among  the  Working  Classes,  and  for  thas  Promo* 
ting  their  Physical,  Technical,  and  Social  Improyements,"  hj  Thomas  Twining. 
(0.  Goodman.) 

t  '*  Obseryations  on  Fundamental  Principles,  and  some  existing  Defects  of  National 
Education."  By  Niel  Arnott,  M.D.,  F.B.S.,  etc.,  Member  of  the  Senate  of  the  London 
Uniyersity.    New  Edition,  revised,  with  additions.     (Longmans.) 

i  "  BeliquiaB  AquitaniciB.  Being  contribntions  to  the  ArchsBology  and  Paleonto- 
logy of  Perigord,  and  the  adjoining  Provinces  of  Southern  France."  By  Edonard 
Lartet,  and  Henry  Christy.  Edited  by  Bupert  Jones,  Prof,  of  Geology,  etc.,  Boyal 
Military  College,  Sandhurst.    Part  X.    (BaiUer6.) 

II  *'A  Handbook  of  Phrenology."  By  0.  Donovan,  Professional  Phrenologist, 
Doctor  of  Philosophy,  Fellow  of  the  Ethnological  Society,  etc.  With  lUnstrations. 
(Longmans.) 
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is  intended  as  a  popular  introdaction  to  the  practical  nse  of  the 
science  (?).  That  those  physiologists  who  have  derided  Phrenology 
have  neglected  the  due  consideration  of  a  large  amount  of  im- 
portant fact  is  obvious  to  all  unprejudiced  inquirers,  but  the 
Phrenologist  of  to-day  should  fairly  consider  all  the  objections  to 
his  scheme  that  are  made  by  either  physiologists  or  metaphysicians. 
Dr.  Donovan  does  nob  undertake  any  such  task  and  his  work  does 
not  contribute  to  any  advance  in  scientific  thought. 

A  new  and  much  wanted  edition  of  Shirley  Hibberd's  *^  Rustic 
Adornments  for  Homes  of  Taste/'*  has  just  been  issued  in  a  largor 
and  much  handsomer  form  than  its  predecessors.  Mr.  Hibberd  is 
unequalled  for  the  tact  and  skUl  with  which  he  indoctrinates  the 
public  with  sound  knowledge  and  good  taste  in  all  matters  per- 
taining to  gardening,  floral  decoration,  and  a  host  of  kindred 
subjects  that  he  has  made  his  own.  Much  of  his  success  arises 
from  the  fact  that  he  is  no  mere  compiler  of  books  from  other 
men's  materials,  but  a  keen  active  worker  and  experimenter  with 
a  decided  genius  for  his  pet  avocations.  The  new  edition  of ''  Rustic 
Adornments ''  is  to  a  large  extent  rewritten,  and  contains  much  new 
matter.  It  forms  a  very  handsome  splendidly  illustrated  volume 
which  the  occupant  of  the  town  villa  and  the  country  house  will 
not  be  able  to  see  without  buying,  and  cannot  read  without  obtain- 
ing an  invaluable  amount  of  suggestion  for  ferneries,  aquariums, 
pleasure  grounds,  window  decoration,  and  what  not. 

Our  readers  will  be  glad  to  know  that  Mr.  Proctor's  new  and 
admirable  series  of  Star  Maps  can  be  had  of  Messrs.  Longman. 
We  are  also  glad  to  find  that  Mr.  Llewellynn  Jewitt  is  ready  to 
receive  subscriptions  for  a  new  ^^  History  of  Derbyshire ''  which  no 
one  can  be  more  competent  to  write. 

Mr.  Charles  0.  Groom  Napier  (of  Merchiston),  comes  again 
before  the  public  with  a  very  curious  treatise,  ''The  Book  of 
Nature  and  the  Book  of  Man,''t  ^i^l^  »  commendatory  preface  in 
the  shape  of  a  letter  to  the  author  from  the  late  Lord  Brougham. 

Mr.  Groom  Napier  describes  a  variety  of  natural  objects  and 
draws  whimsical  and  fanciful  comparisons  in  which  a  profound 
philosophy  is  supposed  to  lie.     Thus  ''  phosphorescent  mushrooms  *' 

*  **  Bnstio  Adommenis  for  Homes  of  Taste."  Bj  Shirley  Hibberd.  A  new  Edi- 
tion, revised,  corrected,  and  enlarged.  With  9  Coloured  Plates,  and  230  Wood 
Engravings.     (Groombridge  and  Sons.) 

t  *'  The  Book  of  Nature  and  the  Book  of  Man ;  in  which  Man  is  accepted  as  the 
Type  of  Creation — the  Great  Pivot  on  which  all  lower  forms  torn."  By  Charles  0. 
Groom  Napier  (of  Merchiston),  F.L.S.,  F.A.S.L..  With  a  preface  by  the  late  Lord 
Brongham.    Blastrated  with  Photographs  and  nnmeroos  Wood  Cuts.   (J.  C.  Hotten,) 
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are  '^  like  brilliant  insects  '^  the  type  of  trae  genius ;  "  human  mnsh- 
rooms  despise  one  another ;  *^  ''  tannin  one  of  the  most  important 
contents  of  oak  gall  excresences  is  astringent ;  the  most  powerful  in 
general  use  having  a  binding  influence  on  the  body  of  man.  This 
the  great  nation  of  the  Gaols  exercises  in  Europe.  And  why  ? — 
because  their  astringency  causes  them  to  be  dreaded.^^  Those 
who  wish  for  a  handsomely  illustrated  work  filled  with  matter 
of  this  description  will  find  themselves  aocommodated  in , ''  the 
Book  of  Nature  and  the  Book  of  Man.'' 

The  ''  Floral  World "  continues  its  useful  course.  The  June 
number  contains  a  *'  figure  of  the  Rev.  H.  Dombrain/'  but  if  the 
reader  expects  a  portrait  of  a  clergyman  in  full  canonicals  he  will 
be  greatly  surprised  at  finding  his  reverence  to  be  a  magnificent 
rose  illustrating  a  paper  on  the  cultivation  of  the  favourite  flower 
in  all  its  varieties.  The  practical  tone  of  the  Floral  World,  always 
exactly  in  time  with  its  advice  and  information,  is  a  great  source 
of  its  popularity. 

Mr.  F.  V.  Hayden,  United  States  Geologist,  has  concluded  his 
"  Preliminary  Field  Report  of  the  United  States  Geological  Survey 
of  Colorado,  and  New  Mexico,*'  and  it  has  been  recently  issued  by 
the  government  printing  office,  Washington.  Mr.  Hayden  has  also 
favoured  us  with  his  '^  Geological  Report  of  the  Exploration  of  the 
Yellow  Stone  and  Missouri  Rivers,"  made  in  1859 — 60.  Both 
these  works  contain  important  information,  the  former  especially, 
pointing  to  large  supplies  of  coal  and  iron  ore.  Mr.  Hayden 
believes  that  the  ''western  country"  during  the.  tertiary  period 
''  was  covered  to  a  greater  or  less  extent  with  a  chain  of  brackish  or 
fresh  water  lakes."  Proceeding  southward  from  Cheyenne  the 
tertiary  coal  formations  are  passed,  and  these  tertiary  strata,  he 
believes,  ''  cover  a  far  more  extended  area  than  any  other  group  of 
this  epoch.  It  is  continuous  southward  from  the  Missouri  valley 
to  Colorado,  interrupted  only  by  a  belt  of  White  River  beds,  about 
two  hundred  yards  wide."  He  thinks,  ''these  beds  also  extend 
far  northward  into  iho  British  possessions,  probably  nearly  or  quite, 
to  the  Arctic  Sea." 

We  must  defer  noticing  ^'^  Researches  on  IKamagnetism  and 
Magne-orystallic  Action,"  by  Professor  Tyndall  and  the  same  author's 
"Notes  on  light"  {both  Longmans),  as  also  "Grave-mounds,  and 
their  Contents,"  by  Llewellynn  Jewitt  (Groombridge),  as  our  space 
would  not  allow  us  to  do  justice  to  thenu  We  may  mention  that 
Messrs.  Blackwood  and  Sons  have  issued  another  of  Mr.  Collins's 
admirable  series  of  Ancient  Classics  for  English  Readers,  the 
present  one  being  "  Caesar,"  well  edited  by  Anthony  TroUope. 
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PROGRESS  OF  INVENTION. 

Absoiubing  akd  Utilizing  Noxious  Gases. — The  time  was  when 
the  then  waste  gases  from  chemical  works  were  allowed  to  escape 
into  the  air,  injuring  vegetation  and  causing  inconvenience,  if  not 
injury,  to  the  surrounding  inhabitants.  Now  these  gases  are 
utilized,  are  made  profitable  to  the  manufacturers,  and  eminently 
useful  to  many  branches  of  industry.  Why  is  it  that,  in  an  under- 
taking of  vast  public  convenience,  a  drawback  to  its  usefulness 
should  be  allowed  to  remain  unremedied,  by  which  many  are  pre- 
cluded from  sharing  its  benefits?  The  tunnels  of  underground 
railways  are  at  times  so  offensive  that  many  persons  will  not  travel 
through  them.  The  sulphurous  acid  which  contaminates  them  is 
sometimes  present  in  such  quantities  as  to  render  it  very  unadvis- 
able  for  persons  suffering  from  chest  complaints  to  trust 
themselves  in  such  an  atmosphere,  and  even  those  who  are  strong 
and  well  often  feel  its  irritating  effects  very  pfidnfuUy  on  the 
mucous  membranes  of  their  eyes  and  noses.  We  are  glad  to  see 
that  an  invention  has  been  patented  which  will,  we  trust,  be  applied 
to  remedy  this  serious  inconvenience.  The  invention,  as  the 
patentee  states,  has  for  its  object  the  absorption  of  the  gaseous 
products  of  combnstion  evolved  from  locomotive  engine  furnaces, 
and  from  other  furnaces,  by  means  of  reagents  with  which  they 
unite  chemically,  or  by  which  they  are  decomposed ;  or  by  which 
their  chemical  composition  is  changed.  The  gases  usually  evolved 
from  engine  furnaces  are  sulphurous  acid  and  carbonic  acid ;  and 
ttiese,  with  other  volatile  matters,  are  brought  into  contact  with 
reagents  which  absorb  or  decompose  them.  The  patentee  states 
that  the  substances  whidi  he  uses  are  some  metalhc  oxides,  either 
in  solution  or  otherwise.  Sodic  hydrate,  commonly  called  canstic 
soda,  seems  to  be  the  substance  on  which  he  places  the  greatest 
reliance,  although  he  asserts  that  lime  in  water  will  answer  the 
purpose.  The  advantage  arising  from  the  employment  of  sodic 
hydrate  is  that  sodic  sulphite  is  formed,  and  iins  substance  is  com- 
mercially of  greater  value  than  the  sodic  hydrate  used.  The 
process  therefore  bids  fair  to  be  remunerative  as  well  as  effectual 
in  remedying  an  evil.  When  sodic  hydrate  is  used,  it  is  in  the 
form  of  solution^  and  with  this  solution  lumps  of  coke  are 
moistened  which  are  placed  in  vessels,  so  arranged,  that  the  products 
of  combnstion  from  the  furnace  may  pass  through  idiem,  in  this 
way  ihe  Bulphurons  acid  is  not  allowed  to  pass  out  into  the  tunnel. 
The  specification  does  not  state  in  what  way  the  vessels  are  to  be 
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arranged^  but  we  doubt  not  that  engineers  will  be  willing  to  avail 

themselves  of,  and  apply  an  invention  which,  to  say  the  least  of  it, 

deserves  the  serious  consideration  of  those  interested  in  the  success 

of  underground  railways.     The  inventor  is  Mr.  Barft",   16,  North 

Audley  Street,  Grosvenor  Square. 

Charging  Atmospheric  Air  with  Oxygen. — M.  Jules  Theodore 

Anatole  Mallet,  of  Paris,  has  patented  a  process  for  charging  air 

with  oxygen.     Its  principle  is  founded  on  the  different  degrees  of 

solubility  of  oxygen  and  nitrogen  in  water.  Water  absorbs  forty-six 

thousandths  of  its  volume  of  oxygen,  and  twenty-five  thousandths 

only  of  nitrogen.  When  these  gases  are  mixed,  as  in  atmospheric  air, 

their  respective  solubiUty  should  be  multiplied  by  the  proportion 

they  occupy  in  the  mixture.     Thus  atmospheric  air  when  dissolved 

in  pure  water  gives  the  following  result — 

Oxygen     0-046  x  0-21=0-0097,  0-33 
Nitrogen  0-025  x0-79=0-0197,  0-67 

Experiments  have  determined  the  composition  of  air  dissolved  in 
water  to  be  as  above  stated.     This  air  already  enriched  if  re-dis- 
solved in  water  gives- 
Oxygen      0-046  X  0-33=0-01o,  0-48. 
Nitrogen   0-025x0-67=0-017,  0-52. 
By  dissolving  it  a  third  time  the  air  will  contain  62  per  cent.,  and 
after  a  fourth  75  per  cent,  of  oxygen. 

In  carrying  out  this  invention  practically,  the  air  should  be 
forced  at  varying  pressures,  no  exceeding  150  pounds  per  square 
inch,  into  metallic  reservoirs  filled  with  water  so  arranged  that  the 
air  and  water  shall  be  in  immediate  contact.  This  may  be  done, 
for  example,  by  making  the  vessels  of  great  depth  and  injecting 
air  in  in  small  jets,  or  by  employing  agitators  of  any  kind.  One 
portion  of  the  air  becomes  dissolved,  and  the  undissolved  portion 
returns  for  acting  on  the  piston  of  the  air  pump,  or  other  piston 
with  which  it  is  connected,  for  the  purpose  of  regaining  the  power 
absorbed  by  compression.  When  the  water  has  been  sufficiently 
saturated  with  the  gases,  they  are  caused  to  pass  into  another 
receiver  similar  to  the  first.  Previous  to  this,  however,  the  gases 
pass  through  a  pump  or  cylinder  with  piston  and  slide  valve,  which 
first  receives  their  effective  pressure,  and  then,  when  there  is  no 
longer  an  excess  of  pressure,  forces  them  into  the  second  chamber. 
Between  the  second  and  third  chamber  a  pump  is  placed,  similar  to 
the  foregoing,  and  the  same  is  the  case  for  the  whole  series  until 
the  last,  which  is  provided  also  with  a  cylinder  and  piston  for 
receiving  the  power  due  to  the  pressure  that  the  gases  will  lose. 
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before  they  pass  to  the  gasometer.  By  the  above  arrangements 
almost  the  whole  power  employed  for  compressing  the  gases  in  the 
water  is  recovered,  except  that  necessarily  expended  in  friction 
and  vis  inertia.  With  eight  solutions  air  containing  97  per  cent, 
of  oxygen,  and  3  per  cent,  of  nitrogen  or  nearly  pure  oxygen  may 
be  obtained ;  but  for  metallurgical  purposes  it  is  sufficient  to  use 
air  with  48  per  cent,  of  oxygen  obtained  by  two  dissolutions.  If 
the  expense  consequent  upon  the  working  of  this  method  be  not 
too  great,  one  can  hardly  over  estimate  its  advantages. 

Lbtter-Boxbs. — Christiana  Ann  Bates,  of  George-street,  Black- 
friars-road,  has,  by  a  very  simple  arrangement,  rendered  it  impossi- 
ble for  a  person  to  abstract  letters  from  a  letter-box,  or  from  a  pillar- 
post.  On  the  inside  of  the  door  a  plate  is  fixed  having  a  slit 
through  it  which  coincides  with  the  end  of  the  slit  through  the 
door.  To  the  back  of  this  plate,  and  just  above  the  top  of  the  slit 
in  it  is  fixed  a  rod,  to  which  are  hinged  numerous  spiked  teeth 
which  hang  downwards  at  the  back  of  the  slit  through  the  plate. 
These  spikes  will  yield  readily  to  allow  a  letter  to  drop  through  the 
slit  into  the  box,  but  will  prevent  or  put  great  difficulties  in  the 
way  of  any  one  attempting  to  withdraw  it.  In  order  to  render  the 
letter-box  still  more  secure  a  row  of  spikes  or  teeth  inclining  down- 
wards is  fixed  to  the  bottom  of  the  plate  just  below  the  bottom  of 
the  slit.  This  apparatus  is,  as  will  be  seen,  applicable  to  pillar- 
boxes. 

Scissors  fob  Gathbbino  Flowers  and  Fruit. — Scissors  for 
cutting  or  gathering  flowers,  as  generally  constructed,  usually  have 
one  recurved,  and  one  plain  edge,  being  thus  formed  with  the  object 
that  the  flower  may  be  retained  by  the  scissors  till  released  by  the 
gatherer,  but  this  has  never  been  accomplished  with  any  degree  of 
certainty.  The  object  of  this  invention  is  to  overcome  this  defect. 
A  spring  is  attached  at  one  end  to  a  loose  bar  or  blade  forming  a 
holder  (which  will  be  described  directly)  and  placed  at  the  side,  and 
riding  on  one  of  the  blades,  and  at  the  other  to  its  corresponding 
arm.  The  holder,  as  stated,  lies  at  the  side  of  the  blade,  and  is 
provided  with  a  flat  or  broad  surface  at  its  base,  extending  some- 
what beyond  the  edge  of  the  other  blade,  the  holder  being  kept  in 
position  and  guided  by  a  pin  or  stud  fixed  to  or  inserted  in  its 
blade,  and  passing  through  a  slit  formed  in  the  holder.  To  use 
the  apparatus  the  scissors  are  opened  in  the  usual  way  to  take  hold 
of  the  flower  or  stem  of  the  fruit  to  be  cut ;  on  closing  the  blades, 
the  spring  presses  the  holder  down  on  the  stalk  and  holds  it 
between  its  base  or  broad  surface  and  the  other  blade ;  now  by 
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brmging  the  cutting  edges  still  closer  together^  the  stem  ia  cut, 
while  at  the  same  time  it  is  held  by  the  holder  until  purposely 
released.     The  inventor  is  Mr.  James  Blyde^  of  Sheffield. 

Pbkparing  and  Pabsbrvino  Meat. — By  this  invention  the  meat 
is  placed  in  a  closed  vessel  which  is  exhausted  of  air^  and  with  it  the 
deleterious  gases  and  some  of  the  volatile  constituents  of  the  meat. 
After  the  expulsion  of  the  deleterious  gases^  the  meat  may  be 
packed  in  tins  or  may  be  further  treated  by  causing  a  current  of 
dry  warm  air  to  act  upon  it.  The  harder  parts  of  the  meat  are 
ground  to  the  consistency  of  thick  mortar  or  putty^  and  the  best 
pieces  are  packed  in  this  meat  pulp^  or  reduced  meat^  and  the  whole 
is  pressed  into  a  compact  mass.  In  this  way^  when  packed  in 
tins^  the  air  is  perfectly  excluded^  and  the  meat  being  dried^  Mr. 
Johnson^  of  Lincoln^s-inn-fields^  the  inventor^  says  it  will  keep  good 
any  length  of  time. 

CoMPOflXTioN  roE  Coating  Ships  and  Boats. — To  prevent  ships 
and  boats  from  fouling^  a  composition  is  made  by  Mr.  Gardner^  of 
Manchester^  which  consists  of  paraffine,  and  this  may  be  used  in  the 
metallic  crudes  or  metallic  particles^  or  with  poisonous  substances^ 
such  as  arsenic^  sulphate  of  copper^  mercury  compound^  etc.  The 
paraffine  can  also  be  used  in  combination  with  creosote  dissolved  in 
heavy  oils^  or  a  compound  prepared  by  vulcanizing  paraffine  with 
sulphur  may  be  employed.  It  is^  however^  on  the  peculiar  pro- 
perties of  the  paraffine^  that  the  inventor  depends  for  the  success  of 
his  invention. 
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The  Colours  of  Jupiter. — The  obseryations  on  the  remarkable 
colours  displayed  bj  Jnpiter,  first  made  bj  Mr.  Browning,  with  a 
12^  inch  reflector,  and  bj  Mr.  Slack  with  6i  of  the  same  construction, 
were  abundantly  confirmed  by  other  observers,  and  if  certain  peculiarities 
in  the  management  of  Greenwich  Observatory,  which  always  escape  the 
notice  of  those  engaged  in  the  farce  of  annual  visitation,  had  not  stood  in 
the  way  of  original  research,  the  Astronomer  Boyal  might  have  had 
something  useful  to  say  on  this  subject  in  his  report.  As  matters 
stood,  he  only  stated  that  a  drawing  made  by  Mr.  Carpenter,  when  com- 
pared with  some  made  eight  or  nine  years  ago  "  negatived  the  idea  of 
any  change  in  the  colour  of  Jupiter's  belts." 

At  the  June  meeting  of  the  Boyal  Astronomical  Society,  Mr.  Brown- 
ing read  a  short  paper  alluding  to  this  remark.  He  pointed  out  that  six 
or  seven  skilful  observers  had  all  seen  the  colours — as  shown  in  his 
drawing  which  we  published — all  using  reflectors.  The  colours  had  also 
been  seen  with  refractors,  but  not  so  weU.  Mr.  Browning  added,  "  there 
is  a  singular  agreement  between  observers  who  have  described  this 
phenomenon.  The  colour  has  been  described  as  yellow,  ochreish,  brown, 
and  tawny.  All  agree  in  ascribing  this  colour  to  the  equatorial  belt  of 
the  planet  ordinarily  seen  of  a  pure,  or  at  most  of  a  pearly  white."  The 
Greenwich  equatorial  is  not  a  first-rate  instrument,  and  before  Mr. 
Airy  attempted  to  negative  numerous  observations  made  with  better 
means,  he  should  have  carefully  ascertained,  or  allowed  some  one  else  to 
ascertain,  whether  his  telescope  would  give  a  distinct  vision  of  the  tints 
in  question.  He  should  also  have  taken  care  that  the  object  was 
examined  when  the  colours  were  visible.  Much  greater  service  to 
science  might  easily  have  been  rendered  by  the  Greenwich  establishment 
if  its  chief  officer  had  not  resembled  a  still  more  distinguished  astronomer, 
whose  removal  from  a  great  continental  observatory  was  found  needful 
to  secure  the  subordinates  fair  play. 

Stephenson's  Binocular  Microscope. — At  the  June  meeting  of  the 
Boyal  Microscopical  Society,  Mr.  Stephenson  brought  forward  a  new  and 
very  ingenious  binocular  microscope,  especially  adapted  for  dissection  or 
other  manipulation.  This  apparatus  was  fixed  to  a  Ross  stand,  and  the 
tubes  of  the  binocular  are  inclined  at  a  convenient  angle  when  the  stage  is 
horizontal.  The  pencil  of  light  from  the  objective  falls  upon  two  right 
angled  prisms,  rounded  to  fit  the  tubes  and  slightly  divergent.  By  their 
action  two  images  are  produced,  one  for  either  eye,  and  the  image  is 
reversed   in  a    lateral  direction.      A  second  prism  above  the  others, 
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produces  an  inyersion  in  the  vertical  direction,  and  the  image  of  the 
object  is  erected^  and  exactly  corresponds  with  its  real  position.  The 
definition  is  very  perfect,  and  the  light  equal  in  each  tube.  The 
stereoscopic  picture  is  remarkably  clear,  and  free  from  error  or  exaggera- 
tion.    This  new  instrument  deserves  the  highest  commendation. 

We  have  received  from  Mr.  Wenham,  three  blue  ticks,  apparently 
belonging  to  the  genus  Ixodes^  which  he  found  attached  to  the  neck  of  a 
short-tailed  field  mouse,  and,  as  he  describes  it,  *'  in  a  place  where  the 
animal  could  scratch  itself — in  fact  one  was  behind  the  ear."  They 
required  some  force  to  detach  them.  The  largest  one  is  about  1 — 11^' 
long.  The  skin  is  tough,  lead  blue  colour,  with  reddish-brown  legs, 
terminating  in  two  claws.  Probably  when  Mr.  Wenham  discovered 
them,  they  were  attached  by  thrusting  their  rostrums  into  the  skin  of  the 
mouse,  as  well  as  by  their  claws.  The  stigmata^  or  circular  reddish 
spots,  where  the  trachea  open,  are  situated  behind  the  legs,  and  are  very 
curious  microscopic  objects.  The  principal  orifice  is  large,  and  placed 
out  of  the  centre,  with  50  or  60  smaller  orifices  round  it  arranged  in 
circular  rows,  most  of  them  being  further  back  than  the  chief  orifice. 
Each  of  the  smaller  orifices  is  surrounded  by  others  still  more  minute. 
When  removed  from  the  creature,  a  number  of  large  tracheal  trunks 
may  be  seen  converging  towards  the  chief  orifice,  and  the  whole  apparatus 
is  surrounded  by  concentric  tracheal  rings. 
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THB  DEEP  SEA. 

PART  IL— ITS  BIOLOGICAL  CONDITION. 

BT  WILLIAM  B.   CABPENTEB^    K.D.^    F.B.S. 

(TFith  Two  Plates,) 

It  was  shown  in  the  preceding  paper  that  the  results  of  the 
inquiries  made  in  the  "Lightning^'  expedition  of  1868,  and  the 
'^  Porcupine  '^  expedition  of  1 869,  have  completely  disproved  a 
doctrine  promulgated  by  high  authority,  and  generally  accepted  by 
physical  geographers,  as  to  the  prevalence  of  an  uniform  tempera- 
ture of  39°  in  the  Deep  Seas  of  all  regions.  For  it  has  been 
demonstrated  that  streams  of  Polar  water  in  which  the  thermo- 
meter sinks  below  30°  may  penetrate  far  into  the  Temperate  zone^ 
underlying,  even  at  the  moderate  depth  of  300  fathoms,  a  stratum 
derived  from  warmer  regions  in  which  the  thermometer  stands 
20°  higher ;  whilst  it  has  been  rendered  probable  that  by  the  con- 
tinual discharge  of  such  Polar  streams  into  the  Great  Oceanic  basins, 
the  temperature  of  the  great  mass  of  water  occupying  their  deepest 
abysses  is  reduced  to  within  a  very  few  degrees  of  the  freezing 
point  of  fresh  water. 

Not  less  complete  has  been  the  disproof  afforded  by  recent 
researches  of  another  doctrine,  the  general  acceptance  of  which  was 
partly  due  to  the  high  authority  of  Professor  Edward  Forbes,  its 
original  promulgator,  and  partly  to  the  ready  explanation  it 
seemed  to  afford  of  certain  Geological  difficulties; — that,  namely, 
of  the  Umitation  of  Animal  life  to  a  depth  of  about  800  fathoms. 

It  is  not  a  little  singular  that  this  doctrine  should  have  originated 
with  the  distinguished  Naturalist  who  was  the  first  to  urge  the  sys- 
tematic use  of  the  dredge  as  an  instrument  of  scientific  investigation. 
Up  to  the  time  of  Edward  Forbes  it  was  mainly  employed  for  the 
purpose  of  obtaining  specimens  of  Marine  animals  that  inhabit 
depths  below  the  range  otherwise  accessible  to  collectors ;  and  the 
discovery  of  new  species  was  regarded  as  its  most  important  func- 
tion. This,  indeed,  seems  to  have  been  the  idea  under  which  he 
himself  first  worked  it ;  but  as  his  investigations  into  the  Marine 
life  of  our  own  and  other  seas  proceeded,  and  the  direction  of  his 
Geological  studies  led  him  to  look  to  the  present  for  the  interpreta- 
tion of  the  pasty  he  came  to  see  what  an  important  light  is  thrown 
by  the  determination  of  the  conditions  of  existence  of  the  present 
inhabitants  of  the  Ocean,  not  only  on  the  conditions  under  which 
the  extinct  types  that  most  resemble  them  must  have  lived  and 
become  fossilized,  but  also  on  the  causes  which  must  have  operated 
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to  produce  that  particular  distribution  of  the  Marine  Fauna  which 
is  characteristic  of  the  present  or  of  any  preceding  epoch.  Thus  he 
inaugurated  a  new  department  of  research  recently  designated  Bio- 
Geology,  and  now  generally  recognized  as  the  one  of  which  the 
systematic  prosecution  is  most  important  to  the  Geology  of  the 
future. 

In  pursuance  of  this  inquiry,  Edward  Forbes  not  only  himself 
diligently  laboured,  but  also  set  other  Naturalists  to  work ;  urging 
that  the  Dredge  is  for  the  sea-bottom  what  the  Telescope  is  for  the 
heavens,  and  that  the  results  of  its  use  have  a  value  which  is  not 
to  be  measured  by  the  number  of  new  forms  it  may  bring  to  light, 
but  by  the  information  they  yield  as  to  the  conditions  under  which 
the  fossiliferous  rocks  of  different  Geological  periods  have  been 
deposited,  and  the  disturbances  they  have  since  undergone.  Having 
availed  himself  of  an  opportunity  of  carrying  on  his  researches  in 
the  jMgean  Sea,  he  there  worked  his  dredge  at  greater  depths  than 
those  which  are  to  be  found  around  the  British  Isles ;  and  it  was  in 
the  Keport  which  he  presented  to  the  British  Association  in  1813, 
on  the  results  of  these  researches  and  their  bearing  on  Geological 
inquiry,  that  he  promulgated  the  opinion  that  a  Zero  of  Animal  life 
would  be  found  at  a  depth  of  about  300  fathoms.  This  opinion  was 
based  on  a  comparison  of  the  number  of  species  which  he  met  with 
in  the  successive  Zones  of  depth  which  he  designated  respectively 
the  Littoral  (the  tract  between  tide-marks,  or  its  equivalent  where 
there  is  little  or  no  tide) ;  the  Laminarian  (or  region  of  sea-weeds, 
extending  from  low-water  mark  to  a  depth  varying  in  different 
localities,  but  seldom  exceeding  fifteen  fathoms),  the  Coralline 
(which  ranges  from  the  termination  of  the  laminarian  to  a  depth 
of  about  thirty  fathoms,  and  is  characterized  by  the  predominance 
of  Nullipores  and  the  scantiness  of  other  forms  of  Vegetation),  and 
the  region  oi  Deep-Sea  Corah  (so  named  on  account  of  the  great  stony 
Zoophytes  characteristic  of  it  in  the  oceanic  seas  of  Europe).  "  As 
we  descend  deeper  and  deeper  in  this  region,^'  he  remarks,  '^  its 
inhabitants  become  more  and  more  modified,  and  fewer  and  fewer, 
indicating  our  approach  towards  an  abyss  where  hfe  is  either 
extinguished,  or  exhibits  but  few  sparks  to  mark  its  lingering 
presence,"  Edward  Forbes's  dredgings  did  not  range  below  230 
fathoms ;  and  as  he  found  the  number  and  variety  of  animal  forms 
there  so  greatly  reduced,  the  continuance  of  the  same  rate  of  reduc- 
tion for  70  fathoms  more  would  leave  the  sea-bed  at  300  fathoms 
altogether  untenanted,  he  adopted  the  latter  depth  as  a  Z&ro  below 
which  Animal  life  does  not  extend. 
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It  now  seems  not  a  little  remarkable  that  no  scientific  man 
should  have  adduced  in  opposition  to  this  doctrine  a  very  strik- 
ing case  recorded  twenty-five  years  previously,  in  which  living 
Animals  had  been  brought  up  from  a  depth  three  times  as  great  an 
that  of  Edward  Forbes's  Zero.  This  happened  in  the  Arctic  Expe- 
dition (1818)  of  Captain  (afterwards  Sir  John)  Ross;  and  is  men- 
tioned in  the  narrative  of  his  ''  Voyage  of  Discovery*"  The  present 
venerable  President  of  the  Royal  Society,  Sir  Edward  Sabine,  who 
was  a  member  of  that  Expedition,  distinctly  remembers  the  occur- 
rence, and  has  been  kind  enough  to  furnish  me  with  more  ample 
particulars  of  it  than  are  contained  in  Captain  Boss's  narrative.  A 
Sounding  taken  in  Lat.  73°  87'  N.,  Long.  75°  25'  W.  (near  the 
head  of  Baffin's  Bay),  about  two  miles  off  shore,  gave  a  depth  of 
1000  fathoms ;  and  though  it  was  made  in  the  old  method  (with  a 
heavy  weight  and  large  line),  yet,  as  it  was  a  good  '^  up  and  down '' 
sounding,  the  actual  depth  was  probably  not  far  short  of  the  length 
of  line  run  out.  The  weight,  when  drawn  up,  appeared  to  have 
sunk  into  the  soft  greenish  mud  which  formed  the  bottom ;  for  this 
mud  still  adhered  not  only  to  the  weight  but  to  several  feet  of  the 
line;  and  imbedded  in  it  were  found  specimens  of  a  Tubicolar 
Annelid.  A  magnificent  specimen  of  the  "  Medusa-head  "  Starfish, 
best  known  by  its  Lamarckian  name  Euryale,  but  more  properly 
designated  AatrophytoUy  was  found  clasping  the  line  at  so  short  a 
distance  above  the  mud,  that  broken  fragments  of  its  arms  were 
picked  out  from  it,  which  were  preserved  by  the  officers  as  mementos. 
Hence  it  is  obvious  that  this  Astrophyton  must  have  been  brought 
up  from  the  bottom  on  which  it  was  living;  and  the  case  is  therefore 
not  only  interesting  as  the  first  of  its  kind,  but  is  of  really  greater 
value  as  proving  the  possibility  of  the  existence  at  great  depths  of 
Animals  by  no  means  among  the  lowest  in  the  scale  of  organization 
than  some  of  the  observations  which  have  been  subsequently  adduced 
in  support  of  this  view. 

The  high  authority  which  Edward  Forbes  had  deservedly  gained 
in  this  department  of  inquiiy,  caused  his  conclusion  to  be  adopted 
by  the  Zoologists,  Physical  Geographers,  and  Geologists,  both  at 
home  and  abroad,  with  much  less  reserve  than  he  would  probably 
himself  have  wished ;  chiefly,  as  it  would  seem,  because  it  appeared 
to  afibrd  a  simple  explanation  of  phenomena  which  had  long  per- 
plexed Geologists  and  PalBBontologists, — viz.  the  occurrence  at 
various  epochs  of  vast  accumulations  of  sedimentary  strata  appa- 
rently altogether  devoid  of  organic  remains.  But  as  his  brother, 
Mr.  David  Forbes,  has  recently  remarked  with  full  justice,   the 
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hypothesis  of  an  Azoic  or  absolutely  sterile  zone,  ranging  from  300 
fathoms  downwards  was  brought  forwards  by  him  rather  as  a  sug- 
gestion worthy  of  consideration,  than  as  a  dogma  or  established 
principle ;  indeed,  in  his  latest  work,*  which  his  premature  death 
prevented  him  from  completing,  he  spoke  of  the  confines  of  the 
lowest  inhabited  Zone  as  being  still  undetermined :  and  expressed 
the  opinion  that  "it  is  in  the  exploration  of  this  vast  Deep-Sea 
region  that  the  finest  field  for  submarine  discovery  yet  remains,^^ — 
words  of  which  subsequent  events  have  proved  the  philosophic 
prescience.  It  is  not  a  little  interesting  that  a  few  pages  further 
on  (Op.  cit.  p.  51),  he  quotes  a  letter  from  his  friend,  Harry  Goodsir 
(who  was  a  member  of  Sir  John  Franklin's  ill-fated  expedition), 
announcing  "a  capital  haul''  from  a  depth  of  300  fathoms  in 
Davis'  Straits;  which  included  Mollusca,  Crustacea,  Echinoderms, 
and  Coral.  He  must  have  heard,  too,  of  the  results  of  the  Dredg- 
ings  carried  on  in  Sir  James  Eoss's  Antarctic  Expedition,  at  depths 
of  from  270  to  400  fathoms,  which  yielded  evidence  of  great 
abundance  and  variety  of  Animal  life  below  what  he  had  been  led 
to  regard  as  its  limit.  And  it  can  scarcely  be  doubted  that  if  his 
life  had  been  prolonged,  he  would  himself  have  endeavoured  to 
obtain  the  means  of  carrying  out  the  explorations  to  which,  as  just 
shown,  he  attached  so  great  a  value ;  and  would  have  been  induced 
by  the  love  of  truth  which  so  eminently  characterized  him,  to  aban- 
don a  hypothesis  which  he  would  have  found  to  be  inconsistent  with 
facts.  Knowing  Edward  Forbes  as  I  did,  I  can  heartily  endorse 
the  assertion  of  Mr.  David  Forbes,  that  all  who  knew  his  gifted 
brother  "  will  do  his  memory  the  justice  of  believing  that,  were  he 
now  alive,  so  far  from  regretting  the  necessity  of  withdrawing  a 
suggestion  which  appeared  to  explain  points  in  science  now  once 
more  involved  in  obscurity,  he  would  have  been  the  first  of  the  con- 
verts to  the  views  now  proved  to  be  more  correct,  and  the  first  to 
congratulate  the  niembers  of  the  Deep-Sea  Dredging  Committee 
upon  so  successful  and  brilUant  a  termination  of  their  labours."  f 

The  only  new  facts  in  regard  to  the  life  of  the  Deep  Sea  that 
were  brought  to  light  previously  to  1860,  were  those  obtained  by  the 
use  of  improved  forms  of  Sounding  Apparatus ;  which,  as  explained 
in  my  former  paper,  not  only  enabled  the  depth  of  the  Ocean- bed  to 
be  more  precisely  determined,  but  brought  up  samples  of  the 
material  covering  its  bottom,  the  microscopic  examination  of  which 
furnished  results  of  most  unexpected  interest.     It  was  first  made 

•  "  Natural  History  of  the  European  Seas,"  p.  27. 
t  "  Nature,"  NoY.  25,  1869,  p.  101. 
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known  by  the  late  Professor  Bailey  (of  West  Point,  United  States), 
in  1855,  that  a  large  proportion  of  the  bottom  of  the  North  Atlantic 
Ocean,  at  depths  of  from  1000  to  2000  fathoms,  is  covered  by  a  mass 
of  microscopic  Foraminiferal  shells  (chiefly  Glohigerince  and  OrbulincB), 
imbedded  in  a  fine  calcareous  mud,  strongly  resembling  chalk,  which 
he  considered  to  have  been  formed  by  their  disintegration.  He 
seems  to  have  inclined,  however,  to  the  belief  that  these  Foramini- 
fera  had  not  lived  on  the  bottom  on  which  they  were  found,  but  that 
they  had  either  been  transported  thither  by  currents,  or  had  lived 
nearer  the  surface  of  the  sea,  and  had  fallen  to  the  bottom  after 
death.  On  the  other  hand.  Professor  Ehrenberg,  to  whom  speci- 
mens of  these  Soundings  had  been  forwarded,  expressed  his  convic- 
tion that  the  Olobigerince  had  lived  on  the  bottom  from  which  they 
were  brought  up ;  his  judgment  being  based  on  the  condition  of  the 
organic  substance  contained  in  the  cavities  of  their  shells.  Similar 
conclusions  regarding  the  extensive  diffusion  of  Olobigerince  over  the 
deep-sea  bottom  of  the  North  Atlantic,  and  the  probability  of  their, 
being  alive  on  that  bottom,  were  expressed  by  Professor  Huxley  as 
the  result  of  his  examination  of  the  soundings  taken  by  Lieutenant 
Dayman  in  1857,  between  Ireland  and  Newfoundland,  along  the  pro- 
jected line  of  the  Atlantic  Cable.  Of  the  whole  mass  of  the  fine 
muddy  sediment  of  which  these  soundings  consisted,  he  estimated 
that  85  per  cent,  consisted  of  Ohbigennce,  5  per  cent,  of  other 
Foraminifera,  and  the  remaining  10  per  cent,  partly  of  siliceous 
organisms  {Diatoms  and  Folycystina) ,  partly  of  mineral  fragments 
and  partly  of  very  minute  granular  bodies,  to  which  he  was  the  first 
to  draw  attention,  under  the  name  of  Goccoliths.  Of  these  we  shall 
have  more  to  say  hereafter. 

These  results  were  confirmed  and  extended  by  the  observations 
of  Dr.  Wallich,  made  during  the  Sounding  voyage  of  the  ^'  Bull- 
dog,''  under  Sir  L.  McClintock  in  1860,  which  led  him  to  the 
very  decided  conviction  that  the  Ghbigerince  have  their  home  on  the 
sea  bottom,  and  not  in  intermediate  or  superficial  waters.  ^'  They 
have  never,''  he  says,  '^been  detected  free-floating  in  any  number  iu 
deep,  or  forming  deposits  in  shallow  waters  j  a  considerable  propor- 
tion of  those  met  with  in  deep-sea  deposits  exhibit  every  appearance 
of  vitality,  and  their  maximum  development  is  associated  with  the 
presence  of  the  Gulf  Stream."  He  also  recognized  the  general 
prevalence  of  Professor  Huxley's  Coccoliths,  and  further  showed  that 
they  are  often  disposed  on  the  surface  of  spherical  masses,  to  which 
he  gave  the  name  of  Ooccospheres.  The  subsequent  recognition  of 
these  bodies  by  Mr.   Sorby  as  abundant  components  of  ordinary 
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chalk,  increased  the  evidence  of  the  close  resemblance  'which  had 
been  previously  indicated  between  the  Olobigerina  mud  at  present  in 
process  of  deposition  and  the  ancient  cretaceous  formation. 

A  further  addition  of  importance  was  made  by  the  '^  Bulldog  '* 
Soundings  to  our  knowledge  of  the  Animal  life  of  the  Deep  Sea. 
On  one  occasion  the  line  brought  up  a  cluster  of  Ophiocomce  (brittle- 
stars),  attached  to  a  portion  of  it,  which  had  lain  on  the  bottom  at  a. 
depth  of  1260  fathoms ;  and  Dr.  Wallich^s  conclusion  that  they  had 
lived  on  this  bottom,  and  had  not  been  entangled  by  the  line  (a» 
some  l^aturalists  suggested)   during  its  ascent  through  the  inter- 
mediate waters,  was  fully  justified  in  my  opinion  by  a  consideration 
of  the  circumstances  under  which  they  were  obtained.     For  having 
kept  Qphiocomce  in  an  aquarium  for  several  weeks  together,  I  know 
that  they  ordinarily  live  on  the  bottom,  whilst  I  never  saw  them  swim 
(as  a  Oomatula  does),  and  cannot  believe  them  to  be  capable  of 
doing  so ;  whilst  I  also  know  it  to  be  their  habit  to  cluster  round  a 
rope  lying  on  the  ground  they  frequent — the  first  I  ever  saw  alive 
having  been  obtained  for  me  by  the  harbour-master  of  Plymouth,  who 
sank  a  rope  in  a  part  of  tbe  Sound,  on  the  bottom  of  which  he  knew 
them  to  abound,  and  drew  it  up  again  after  some  hours,  swarming 
with  Ophiocomce.     Further,  it  was  found  by  Dr.  Wallich  that  their 
stomachs  contained  Olobigerinoe,  so  that  unless  these  had  been  caught 
by  the  OphiocomcB  while  both  were  swimming  near  the  surface,  which 
seems  in  the  highest  degree  improbable,  the  Globigerina  mud  of  the 
bottom  must  have  been  their  feeding  ground.     Again,  the  "  Bull- 
dog'' Sounding  apparatus  brought  up  in  various  localities,  from 
depths  ranging  between  871  and    1913   fathoms,  tubes  of   small 
marine  worms,   some   of   which  were  constructed  of   Olobigerincu 
shells  cemented  together,  whilst  others  were  made  up  of  an  admix- 
ture of  sand  and  sponge-spicules.     These  materials,  it  is  obvious, 
could  not  have  been  obtained  anywhere  but  on  the  sea-bottom,  so- 
that  the  worms  which  used  them  must  have  had  their  habitation 
there.     Lastly,  a  living  Serpula  and  Spirorhis  (marine  worms  form- 
ing shelly  tubes),  and  a  group  of  Polyzoa  were  brought  up  from  a 
depth  of  680  fathoms,  and  a  couple  of  Uving  Amphipod  Crustacea 
from  a  depth  of  445  fathoms. 

The  general  bearings  of  these  facts,  together  with  those  fur- 
nished by  the  earlier  observations  of  Sir  John  Ross  and  others,  were 
fully  and  ably  discussed  by  Dr.  Wallich  in  his  "  North  Atlantic  Sea 
Bed,''  and  the  most  important  of  the  conclusions  which  he  drew  from 
this  discussion  may  be  summarized  as  follows: — 

1.  The  conditions  prevailing  at  great  depths,  although  difiering^ 
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znaterially  from  those  which  prevail  near  tifcie  surface  of  the  Ocean, 
are  not  incompatible  with  the  maintenance  of  the  life  of  animals, 
which  are  either  originally  adapted  to  live  under  them,  or  have 
become  gradually  acclimatized  by  a  slow  subsidence  of  the  sea- 
bed« 

2.  The  discovery  of  even  a  single  species  living  normally  at 
great  depths,  warrants  the  inference  that  the  Deep  Sea  has  its  own 
special  Fauna ;  and  the  number  of  different  types  of  which  examples 
have  been  obtained,  justifies  the  conclusion  that  the  Deep-Sea 
Fauna  is  both  varied  and  abundant. 

8.  As  the  Deep  Sea  has  its  own  special  Fauna  at  the  present 
time,  it  has  always  had  it  in  past  ages ;  and  hence  many  fossiliferous 
strata  hitherto  regarded  as  having  been  deposited  in  comparatively 
shallow  water,  may  have  been  deposited  at  great  depths. 

These  conclusions,  however,  did  not  by  any  means  command 
general  assent;  some  of  the  data  on  which  they  were  based  having 
been  called  in  question  by  very  eminent  authorities,  whilst  others 
who  were  ready  to  accept  Dr.  Wallich's  /ocfe,  were  unwilling  to 
admit  the  inferences  he  drew  from  them  as  having  more  than  a 
speculative  value.  It  is  clear  that  the  great  body  of  Naturalists, 
boiih  at  home  and  abroad,  including  those  who  recognized  the  diffu- 
sion of  Protozaic  life  over  the  Deep-Sea  bed,  continued  to  regard  the 
presence  of  higher  animals  at  great  depths  as  altogether  exceptional^ 
and  that  although  obliged  by  the  results  of  the  dredgings  carried  on 
in  the  Arctic  and  Antarctic  expeditions,  to  lower  Edward  Forbes's 
zero  from  three  hundred  to  four  or  Jive  hundred  fathoms,  they  still 
believe  that  such  a  zero  existed  somewhere.  Now  that  the  absence 
of  any  such  limit  in  regard  to  the  highw  forms  of  Animal  life  has- 
been  fully  proved  by  subsequent  researches,  it  is  just  that  Dr. 
Wallich  should  receive  the  fullest  credit  for  the  sagacity  which  led 
him  to  the  conclusions  he  adopted,  and  for  the  earnestness  with 
which  he  advocated  them.  But  it  can  scarcely  be  claimed  for  him 
that  his  researches  were  in  themselves  sufficient  to  establish  his 
position ;  since  the  number  of  types  of  higher  Animals  which  he 
brought  up  from  great  depths  very  little  exceeded  that  which 
Captain  Ross  had  obtained  forty  years  before.  It  is  specially  note- 
worthy that  up  to  the  year  1861,  not  a  single  Mollusk  had  been 
obtained  from  greater  depths  than  those  which  had  been  reached  by 
the  Dredge ;  and  while  this  negative  fact  could  not  rightly  be  consi- 
dered as  conclusive  evidence  of  the  universal  absence  on  the  Deep- 
Sea  bed  of  the  most  characteristic  inhabitants  of  shallower  waters, 
a  Naturalist  who  had  found  them  only  in  the  depths  of  his  own  con-^ 


344  THB   DEEP  SEA. 

Bcious;Qess^  was  scarcely  in  a  position  to  demand  a  general  assent  to 
his  belief  in  their  presence.^ 

In  the  year  1861,  however,  two  very  important  contributions 
were  made  to  our  knowledge  of  the  Deep- Sea  Fauna,  both  of  which 
afforded  positive  evidence  that  MoUuscan  life  is  not  limited  to  what 
we  have  now  come  to  regard  as  the  comparatively  shallow  depth  of 
from  800  to  400  fathoms,  whilst  one  of  them  not  only  gave  the  same 
proof  in  regard  to  the  Stony  Corals,  but  also  afforded  the  first  indi- 
cation of  the  very  curious  relation  (fully  confirmed,  as  will  be  shown 
hereafter,  by  subsequent  research)  which  the  existing  Deep- Sea 
Fauna  bears  to  what  had  been  previously  regarded  as  the  extinct 
Fauna  of  later  Geological  periods. 

In  the  Swedish  expedition  to  Spitzbergen  in  1861,  a  compact 
mass  of  mud  was  brought  up  from  1400  fathoms  by  the  ''  McClin- 
tock  apparatus'^  (described  at  page  230  of  my  former  paper),  in 
which  were  imbedded  a  Hydroid  Polypa/ry,  some  Tunicata  attached 
to  it,  a  bivalve  Musael,  and  a  Orustacean  of  bright  colours.  It  was 
noted  that  the  temperature  of  the  interior  of  this  mass  was  32^*5, 
that  of  the  surface-water  being  39°'2. 

It  happened  in  the  same  year  that  the  French  Submarine  Cable 
between  Sardinia  and  Algiers  was  taken  up  for  repairs,  and  that 
•several  living  Mollusks  and  Polyparies  were  found  attached  to 
portions  of  it  which  had  been  submerged  to  a  depth  of  from  2000 
to  2800  metres^  or  from  1093  to  1577  fathoms.  These  were  care- 
fully examined  by  M.  Alphonse  Milne-Edwards  with  very  interesting 
results.  One  of  the  Mollusks  was  the  Ostrea  cochlear,  a  common 
Mediterranean  shell,  which  has  since  been  found  at  correspondingly 
igrcat  depths  in  the  "  Porcupine  '^  dredgings  off  the  West  of  Ire- 
land, on  the  border  of  the  Atlantic  basin.  Another  was  the  small 
Fecten  opercularis,  also  well  known  as  a  Mediterranean  shell,  which 
was  specially  remarkable  for  the  brightness  of  its  coloration,  and 
with  this  was  found  the  Pecten,  testce,  previously  known  as  a  rare 
species,  inhabiting  depths  of  from  fifty  to  sixty  fathoms.  With 
these  three  Bivalves  were  associated  two  Univalves,  ordinarily  consi- 

*  The  deficiency  of  evidence  on  this  point  was  thus  clearly  stated  at  the  time  bj 
M.  Alphonse  Milne-Edwards:  "Lors  mdme  que  TexiBtence  des  Vers,  des  Spongiares, 
des  Foraminif ^res,  et  d'autres  Animalcules  Microeoopiques  dont  je  yieus  de  parler,  serait 
bien  d^montr^  dans  les  grandes  profondears  oil  leurs  d^pouilles  ont  ^t^  rencontres,  on 
n*en  pourrait  rien  conolure  touchant  la  pr^ence  de  Mollusques  on  de  Coralliaires  Tivants 
dans  les  conditions  analogues ;  et  ce  sont  precis^ment  ces  animaux  marins  dont  le  mode 
de  distribution  k  la  surface  du  globe  a  la  plus  d'importance  pour  la  solution  des  questions 
g^ologiques." — *'  Annalds  des  Sciences  Naturelles,  4ieme  Q6r,,  Zoologies  "  torn.  xr. 
(1861),  p.  162. 
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dered  very  rare — Monodonia  limbata  and  Fusus  lamellosus;  and 
although  these  were  not  fixed  to  the  cable  like  the  Bivalves^  yet 
the  fresh  condition  of  their  soft  parts  clearly  indicated  that  they 
were  not  drift  shells,  but  that  they  had  lived  where  they  were  found. 
The  Polyparies,  like  the  Bivalve  MoUusks,  were  fixed  to  the  cable, 
and  were  ©f  peculiar  interest.  One  of  them  could  be  identified  with 
the  Oaryophyllia  arcuata  of  the  later  Tertiary  formations  of  Pied- 
mont and  Sicily ;  another  Caryophyllia,  not  known  as  an  existing 
species,  was  identified  with  a  Pliocene  fossil;  and  a  third  type, 
though  belonging,  ]ike  the  others,  to  the  Turbinolian  family,  was 
considered  to  be  generically  distinct  from  any  Corals  previously 
known,  and  was  described  under  the  name  Thaldssiotrochvs  tele- 
graphicus.  Besides  these  animals,  there  were  found  attached  to  the 
cable  a  small  Polyzoary  belonging  to  the  genus  Salicc/maria,  some 
Zoophytes  of  the  Oorgonia  type,  and  two  Serpulce. 

These  observations  were  of  special  interest  in  many  points  of 
view.  There  could  be  no  doubt  as  to  the  depth  from  which  the 
animals  were  brought  up,  since  all  of  them,  save  the  two  Univalves, 
were  actually  fixed  to  the  cable,  which  had  lain  along  a  bottom  that 
had  been  carefully  sounded ;  and  though  the  Gasteropods  were  free 
to  crawl  upon  its  surface,  they  certainly  could  not  have  been  swim- 
ming in  mid- water,  and  have  attached  themselves  to  the  cable  as  it 
came  up.  Again,  whilst  some  of  these  animals  were  previously  well 
known  as  occurring  at  smaller  depths,  others  had  been  considered 
very  rare,  and  one  was  previously  unknown,  so  that  it  seems  not 
unlikely  that  such  find  their  most  congenial  habitation  in  abyssal 
waters.  But  the  most  significant  fact  of  all  was  the  discovery  of 
animals  still  living  at  great  depths  in  the  Mediterranean  basin,  of 
which  the  remains  are  preserved  in  the  Tertiary  strata  that  bound  it, 
but  of  whose  continued  existence  no  Naturalist  had  previously  the 
least  suspicion;  and  M.  Alphonse  Milne-Edwards  was  perfectly 
justified  by  this  fact  in  the  anticipation  he  expressed  at  the  conclusion 
of  his  account  of  it — that  his  observations  warrant  the  expectation 
that  a  more  complete  exploration  of  the  depths  of  the  sea  would 
bring  to  our  knowledge  the  continued  existence  of  many  species 
which  have  been  hitherto  considered  as  extinct,  because  they  are  only 
known  in  the  fossil  state. 

The  value  of  these  observations  was  fully  recognized  by  those 
among  Geologists  and  Palaeontologists  who  were  gradually  being 
led  to  the  great  doctrine  of  Continuity,  as  a  substitute  for  that  of 
successive  creations  and  destructions  of  the  Life  of  the  Globe,  which 
had  dominated  in  the  earlier  stages  of  the  Science.  But  nothing 
was  done  for  several  years  to  confirm  or  extend  them. 
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The  Sounding^apparatua,  as  shown  in  the  former  paper^  can  only 
be  trusted  to  bring  up  a  sample  of  the  deposit  covering  the  spot  of 
title  bottom  on  which  it  strikes ;  and  the  few  star-fish  or  worms  it 
may  chance  to  entangle^  can  by  no  means  be  regarded  as  a£fording 
any  adequate  basis  for  judgment  as  to  what  other  forms  of  life  may 
exist  on  the  Sea-bottom^  or  for  any  estimate  of  their  relative  abun- 
dance. It  is  only  by  the  systematic  use  of  the  Dredge  that  such  a 
basis  can  be  obtained ;  and  the  working  of  this  apparatus  at  great 
depths  involves  requir^nents  that  no  private  resources  can  command. 

The  Deep- Sea  Dredge  does  not  essentially  differ  from  the  instru- 
ment ordinarily  used  by  Fishermen  for  collecting  Oysters  or  Clams^ 
and  by  Naturalists  for  collecting  Marine  Animals  of  all  kinds.  It 
may  be  likened  to  a  carpet-bag^  the  iron  frame  of  which  is  fixed  in 
a  half-open  position,  with  edges  directed  obliquely  outwards ;  and 
when  this  is  trailed  along  the  sea-bed  by  a  rope  attached  to  a  pair  of 
handles  fixed  by  joints  to  the  ends  of  the  frame,  the  edge  in  contact 
with  the  ground  scrapes  the  surface,  and  conveys  into  the  bag  of  the 
dredge  the  animals  that  may  be  lying  on  it,  together  with  stones, 
sand,  or  mud,  separately  or  combined,  according  to  the  character  of 
the  bottom.  The  ship  or  boat  from  which  the  dredge  is  worked 
must  have  a  certain  amount  of  "  way,''  so  as  to  drag  the  dredge  with 
the  requisite  force ;  but  if  the  rate  of  the  vessel's  motion  is  too  rapid, 
the  dredge  will  pass  over  the  ground  without  '*  holding  "  it ;  and  if 
the  momentum  of  the  vessel  be  great  (as  is  the  case  with  even  the 
smallest  sea-going  ship,  at  however  slow  a  rate  it  may  move)> 
there  is  danger  of  the  dredge-line  breaking,  whenever  the  dredge 
''anchors"  or  "fouls"  by  catching  on  a  projecting  rock,  unless 
special  precautions  are  taken  to  prevent  this  accident.  One  of  the 
simplest  of  these  precautions  consists  in  the  attachment  of  the 
dredge-line  to  only  one  of  the  handles  of  the  dredge  ;  the  other 
being  connected  with  it  by  a  piece  of  cord  or  rope-yam  considerably 
inferior  to  the  dredge-line  in  strength.  If  the  dredge  should  "  foul," 
the  strain  on  the  line  will  cause  the  rupture  of  the  cord  that  holds 
together  the  handles;  and  one  of  them  being  thus  set  free,  the 
dredge  swings  round  the  obstacle,  and  may  be  safely  hauled  in> 
though  with  the  loss  of  its  contents. 

When  Deep- Sea  Dredging  is  carried  on  from  a  Steam-vessel, 
the  piece  of  apparatus  called  an  "  accumulator "  may  be  made  of 
essential  service.  This  simply  consists  of  a  number  of  vulcanized 
india-rubber  springs  resembling  the  AB  0  door-spring  on  a  large 
scale,  connected  together  at  their  extremities ;  and  as  every  one  of 
these  springs,  when  drawn  out  to  its  fiill  length,  exerts  a  tension  of 
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about  60  lbs.,  any  tensile  power  that  may  be  needed  may  be  gained 
by  tlie  multiplication  of  them.  The  Accmnulator  being  fixed  to  the 
ship  at  one  end,  the  poUey  through  which  the  dredge-line  passes  is 
attached  to  the  other;  and  any  excessive  strain  put  upon  this 
is  at  once  manifested  by  the  extension  of  the  springs,  while  the  sud- 
denness of  the  strain  is  eased  off,  so  as  to  give  time  for  relieving  it 
by  a  backward  motion  of  the  paddles,  which  generally  allows  the 
dredge  to  lift  itself  over  the  obstacle. 

For  Deep-Sea  exploration  it  is  requisite  that  the  Dredge  should 
be  of  great  strength  and  massiveness ;  and  the  power  required  to 
work  it  is  very  considerable.  For  not  only  must  this  be  adequate 
to  raise  the  dredge  itself  with  its  contents  from  any  depth,  but  also 
to  haul  in  a  still  greater  length  of  the  large  and  strong  dredge-rope. 
Now  the  excess  of  the  weight  of  this  rope  above  that  of  the  water 
which  it  displaces,  forms  a  very  considerable  addition  to  the  weight 
of  the  dredge  and  its  contents ;  and  to  this  has  ftirther  to  be  added 
the  enormous  resistance  produced  by  the  friction  of  this  length  of 
rope  in  its  passage  through  th^  water.  In  the  2435  fathoms  dredg- 
ing which  was  successfrdly  carried  through  in  .the  Second  crqise  of 
the  "  Porcupine"  last  year,  a  dredge  was  used,  which,  with  the 
addition  of  2  cwt.  attached  to  the  dredge-line,  weighed  about  500  lbs., 
this  brought  up  168  lbs.  of  Atlantic  mud,  in  which  many  animals 
were  imbedded ;  and  the  excess- weight  of  more  than  three  miles  of 
dredge-rope  payed  out  was  about  1375  lbs. ;  making  a  total  of  nearly 
a  ton,  in  addition  to  the  resistance  produced  by  friction.  And  in 
another  instance  the  dredge  brought  up  from  about  one-third  of  the 
depth  last-mentioned  not  less  than  half  a  ton  of  Atlantic  mud ; 
while  the  weight  of  the  dredge  with  its  appendages,  and  the  excess- 
weight  of  the  dredge-line,  increased  the  whole  to  ahove  a  Uniy  besides 
the  resistance  caused  by  the  friction  of  more  than  a  mile  of  dredge- 
rope. 

Thus  Deep-Sea  dredging  is  a  very  different  operation  from 
the  working  of  the  ordinary  Collector's  dredge  in  shallow  water ; 
and  it  can  only  be  advantageously  prosecuted  from  a  vessel  pro- 
vided with  a  "donkey-engine''  of  adequate  power  and  steadiness 
of  action.  A  yacht  with  a  crew  of  five  or  six  men  may  work  a 
moderate-sized  dredge  by  manual  power  at  the  depth  of  from  200 
to  300  fathoms ;  but  a  much  larger  crew  is  needed  when  the 
dredging  is  carried  down  another  100  fathoms ;  and  the  strain 
upon  their  powers  is  then  so  great  that  the  operation  cannot  be 
often  repeated.  An  efficient  "  donkey-engine,''  on  the  other  hand^ 
never  becomes  tired;   and  will  go   on  heaving-in  its  heavy  load^ 
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hour  after  hour^  with  great  uniformity.*  In  the  first  of  the  dredg- 
ings  just  referred  to,  the  rate  of  delivery  of  the  rope  was  about 
10  fathoms  per  minute,  or  600  fathoms  per  hour ;  and  thus  five  hours 
were  consumed  in  hauling-in  the  3000  fathoms  of  dredge-line  which 
it  had  been  necessary  to  pay  out,— more  than  two  hours  having  been 
previously  occupied  in  the  sinking  and  dragging  of  the  dredge. 
Thus  even  with  the  best  appliances,  such  an  operation  is  a  very 
tedious  one ;  and  as  it  requires  very  favourable  weather,  as  well  as 
skilftil  management,  it  is  not  likely  to  be  firequently  repeated  with 
success,  save  in  an  Expedition  specially  directed  to  this  object.  The 
most  valuable  results  may  probably  be  looked  for  between  600  and 
1200  fathoms;  and  in  a  well-equipped  vessel,  with  a  trained  crew, 
our  experience  proves  that  dredging  may  be  systematically  carried 
on  at  such  depths  without  any  hindrance  except  from  weather. 

It  is  to  M.  Sars,  junr.,  the  son  of  the  late  eminent  Professor  of 
Natural  History  at  Christiania,  that  the  credit  should  be  assigned  of 
having  systematically  worked  the  Dredge  at  depths  which  Edward 
Forbes  had  pronounced  to  be  azoic  ;  and  of  having  not  only  proved 
that  they  are  peopled  by  a  varied  and  abundant  Fauna,  but  that  this 
Fauna  is  characterized  by  peculiarities  of  the  highest  interest, — ^many 
of  the  forms  it  presents  being  dissimilar  to  those  met  with  in  shal- 
lower waters,  and  some  of  them  belonging  to  types  which  had  been 
supposed  to  have  been  long  since  extinct.  Holding  the  position  of 
Inspector  of  Fisheries  to  the  Swedish  Government,  M.  Sars  visited 
the  Lofibden  Islands  in  1866 ;  and  carried  on  his  explorations  there  • 
at  depths  ranging  between  200  and  450  fathoms.  Within  this  range 
no  fewer  than  427  species  were  collected ;  the  proportions  respec- 
tively belonging  to  the  principal  groups  being  as  follows  : — 68  Rhizo- 
pods,  5  Sponges,  22  Zoophytes,  36  Echinoderms,  57  Worms,  39  Mol- 
luscoids,  94  MoUusks,  and  106  Crustacea.  No  fewer  than  42  of 
these,  including  members  of  all  the  higher  groups,  were  found  at 
450  fathoms. 

The  most  interesting  of  all  the  new  forms  obtained  by  M.  Sars, 
was  a  small  Grinoid,  difiering  in  the  most  marked  manner  from  any 
type  previously  known  to  exist  at  the  present  time,  but  clearly  be- 
longing to  the  Apiociinite  family  which  flourished  in  the  Oolitic 
period, — the  large  Pear-Enciinite  of  the  Bradford  Clay  being  its  most 
characteristic  representative,  while  the  far  smaller  Bourgueticrinus  of 

*  Our  experieDce  of  the  unsatisfactory  performance  of  the  sin^le-ejlindeT  donkey- 
engine  supplied  to  the  "  Lightning/*  in  which  our  first  Dredging-voyage  was  made,  led 
lis  to  press  for  a  double'cyUndet  engine  as  essential  to  the  success  of  the  "  Porcupine  " 
Expedition  of  the  following  year ;  and  this  did  its  work  most  admirably. 
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the  clialk  seemed  to  be  its  latest.  This  discovery  proved  so  sugges-  . 
tive,  and  gave  such  a  powerful  impetus  to  further  research,  that  it 
marks  an  era  in  the  history  of  the  inquiry  into  the  Life  of  the  Deep 
Sea ;  and  some  account  of  the  little  animal  which  was  the  subject 
of  it,  as  well  of  its  relationships,  may  therefore  be  most  appropriately 
introduced  here. 

The  whole  Order  Crtnoidba,  or  Lily-stars,  is  one  of  peculiar  in- 
terest to  the  PalsBontologist.     Though  among  the  most  varied  in 
form,  and  abundant  in  number  of  all  the  inhabitants  of  the  ocean, 
through  very  long  geological  periods,  these  beautiful  stalked  star- 
fish were,  until  recently,  believed  to  be  at  present  extremely  limited 
in  number,  and  restricted  to  a  very  few  localities;    so  that  the 
Zoologist  considered  himself  fortunate  who   could  secure  a  good 
specimen  even  at  a  high  price.     As  was  eloquently  said  of  them  by 
Edward  Forbes,*  "  Their  fossilized  skeletons  constitute  great  tracts 
of  the  dry  land  as  it  now  appears;   for  miles  and  miles  we  may 
walk  over  the  stony  fragments  of  the  Crinoidea ;  fragments  which 
were  once  built  up  in  animated  forms,  encased  in  living  flesh,  and 
obeying  the  will  of  creatures  among  the  loveliest  inhabitants  of  the 
ocean.      Even  in  their  present  disjointed  and  petri6ed  state,  they 
excite  the  admiration,  not  only  of  the  Naturalist,  but  of  the  common 
gazer ;  and  the  name  of  Stone-lily  popularly  applied  to  them,  indi- 
cates a  popular  appreciation  of  their  beauty.     To  the  philosopher 
they  have  long  been  the  subjects  of  contemplation  as  well  as  of 
admiration.     In  him  they  raise  up  a  vision  of  an  early  world,  the 
potentates  of  which  were  not  men  but  animals,  of  seas  on  whose 
tranquil  surfaces  myriads  of  convoluted  Nautili  sported,  and  in  whose 
depths  millions  of  Lily-stars  waved  wilfully  on  their  slender  stems. 
Now  the  Lily-stars  and  the  Nautili  are  almost  gone ;  a  few  lovely 
stragglers  of  those  once  abounding  tribes  remain  to    evidence  the 
wondrous  forms  and  structures  of  their  comrades.     Other  beings,  not 
less  wonderful,  and  scarcely  less  graceful,  have  replaced  them :  while 
the  seas  in  which  they  flourished  have  become  lands,  whereon  man,  in 
his  columned  cathedrals,  and  mazy  palaces,  emulates  the  beauty  and 
symmetry  of  their  fluted  stems  and  chambered  shells.^' 

The  only  existing  type  of  this  Order  which  was  known  to  Natu- 
ralists half  a  century  ago,  belong  to  the  genus  Pentannnus  (so  named 
on  account  of  the  pentagonal  form  of  its  stem),  which  flourished 
during  the  Liassic  period ;  its  remains  being  abundantly  preserved 
in  great  slabs  of  lias  which  the  quarries  at  Lyme  Regis  have  furnished 
to  museums  in  every  part  of  the  world ;  whilst  its  recent  representa- 

•  <*  British  Starfishes,"  p.  2. 
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tires  were  known  only  as  inhabitiag  West  Indian  seas.  But  in  the 
year  1823,  Mr.  J,  V.  Thompson,  a  retired  Army-surgeon,  discovered 
in  the  Bay  of  Cork,  a  beaatiful  libtle  Grinoid,  measuring  about  three- 
fourths  of  an  inch  in  height,  and  when  expanded  about  half  an  inch 
in  diameter.  This  discorery  excited  great  interest  both  at  home  and 
abroad  ;  for  it  was  the  first  animal  of  the  Crinoid  type  which  had 
been  met  with  in  European  seas,  and  the  first  recent  Encrinite  which 
had  ever  been  examined  by  a  competent  obeeirer,  in  a  living  state. 
The  further  study  of  this  interesting  creature  led  its  discoverers  to 
announce  in  1866,  that  it  is  the  young  or  immature  form  of  the 
Comatala,  or  Feather-star,  an  Echiuoderm;  which  though  un- 
attached and  a  free  swimmer,  had  been  previously  shown  to  possess 
a  far  closer  relationship  to  the  Crinoids  than  it  has  to  any  other  Star- 
fish. The  Comatula  thenceforth  took  rank  as  an  actual  member  of 
the  Crinoid  order,  and  peculiar  only  in  dropping  off  at  a  certain 
phase  of  its  existence  from  the  stem  on  which  it  was  at  first  dovelc^ed, 
and  leading  from  that  time  forth  a  life  of  freedom. 

For  several  years  past,  the  study  of  the  recent  types  of  the  Cri- 
noids had  been  a  special  object  of  pursuit  on  the  part  of  Prof.  Wyville 
Thomson  and  myself,  with  a  view  to  the  elucidation  of  the  structure 
aud  homologies  of  that  large  and  varied  series 
of  fossil  forms,  by  which  the  Crinoids  of  past 
t^res  are  now  brought  to  the  knowledge  of 
Falasontologists.  It  was,  therefore,  with  pecu- 
liar interest  that  we  heard  of  M.  Sars's  dis- 
covery }  and  that  we  were  enabled  to  ascertain 
beyond  all  doubt,  by  the  examination  of  speci- 
mens kindly  supplied  to  as,  that  this  new 
Crinoid  was  not,  as  some  had  suggested,  the 
larval  form  of  a  Comatula  [its  skeleton  differing 
as  much  from  that  of  any  such  larva,  as  the 
shrunken  and  solidified  skull  of  an  aged  person 
differs  from  the  loosely-united  brain-case  of  an 
infant),  but  a  mature  type,  distinctly  referable 
to  the  Apiocrinite  family,  which  had  been 
supposed. to  have  died  out  long  since.  The 
generic  designation  Rhizocrinus  has  been  given 
to  this  type,  on  account  of  the  curious  root- 
like extensions  which  proceed  from  the  lower 
part  of  its  stem  {see  illustration),  and  which 
■nzoci™™  LOForaaus.  aerve  for  its  attachment  to  the  Zoophytes, 
etc.,  on  which  it  is  usuaUy  foimd.     The  Crisoidal  larva  of  Comatula 
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attaches  itself  by  a  simple  disk^  to  wluch  the  lowest  joint  of  the  stem 
is  jointed.  Of  the  base  of  the  recent  West  Indian  Pentacrinus  we 
have  no  knowledge ;  all  the  specimens  hitherto  obtained  having  been 
.detached  by  the  breaking  of  the  stem.  But  the  bases  of  the  great 
fossil  Crinoids,  and  especially  of  the  Apiocrinites,  are  often  well  pre- 
served ;  and  are  always  truly  rootUke.  Usually,  however,  the  stem 
rises  jErom  the  point  of  juncture  of  the  roots,  just  as  in  an  ordinary 
tree ;  but  in  Rhizocrinus  the  roots  often  come  oflf  from  many  succes- 
sive segments  of  the  stem,  just  as  the  roots  of  Pandanus  (Screw-pine) 
and  some  other  trees  are  given  off  from  the  trunk  far  above  the 
ground.  The  thread-like  stem  of  Rhizocrinus,  which  is  usually  in  a 
full-grown  specimen  from  two  to  three  inches  long,  is  made  up,  like 
that  of  the  Orinoids  generally,  of  a  number  of  segments  jointed  to- 
gether ;  and  these  are  for  the  most  part  nearly  cylindrical  in  form, 
becoming  gradually  smaUer  from  the  base  to  the  summit  of  the  stem, 
which  thus  tapers  gradually  from  below  upwards.  But  very  con- 
siderable varieties  and  irregularities  sometimes  present  themselves. 
The  segments  are  often  contracted  in  the  middle  of  their  length,  so 
as  to  have  the  shape  of  a  dice-box,  and  this  contraction  sometimes 
proceeds  so  far  as  to  give  the  segment  the  form  of  an  hour-glass; 
and  the  stem,  instead  of  gradually  tapering,  sometimes  suddenly 
diminishes  in  diameter,  as  if  it  had  been  broken  off,  and  had  grown 
again  from  the  point  of  fracture.  The  lower  part  of  the  calyx,  which 
is  borne  at  the  summit  of  the  stem,  is  like  what  that  of  a  miniature 
Pear-Encrinite  would  be,  if  the  flattened  discoidal  plates,  piled  one 
upon  another,  of  whidi  it  is  made  up,  were  all  soldered  together; 
and  the  hollow  in  its  upper  part,  which  includes  the  visceral  apparatus, 
is  exceedingly  small.  This  hollow  is  enclosed,  as  in  Pentacrinus,  by 
the  plates  forming  the  bases  of  the  rays  which  give  the  creature  its 
resemblance  to  a  Star-fish ;  and  here  again  we  find  a  very  curious 
departure  from  the  typical  character.  For,  whilst  the  number  of 
primary  rays  in  the  Crinoids  generally  is  almost  invariably  five,  it 
varies  in  Rhizocrinus  between  four  and  seven.  In  the  Crinoids 
generally  each  ray  bifurcates  at  the  edge  of  the  calyx  into  two  arms; 
and  this  bifurcation  is  often  again  repeated,  more  than  once  in  many 
instances,  so  that  the  number  of  arms  becomes  extremely  multiplied, 
as  we  see  in  the  magnificent  Pentacrinus  briareus  of  the  Lias.  Here, 
on  the  other  hand,  there  is  no  bifurcation,  so  that  the  number  of 
arms  is  the  same  as  that  of  the  rays ;  in  fact,  the  arm  is  a  simple  con- 
tinuation of  the  ray,  except  that  its  diameter  is  suddenly  reduced  at 
the  point  where  the  bifurcation  would  take  place.  Now  it  is  not  a 
little  curious  that  among  the  monstrosities  which  I  have  observed 
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and  described  in  Gomatula,  there  is  one  precisely  of  this  character — 
a  single  arm  taking  the  place  of  the  pair  into  which  the  ray  normally 
divides. 

Taking  all  these  peculiariti^  into  account,  1  entirely  agree  with 
Professor  Sars  in  the  conclusion  that  his  Rliizocrinus  is  a  dwarfed  and 
deformed  representative  of  the  Apiocrinite  type ;  looking,  as  Professor 
Wyville  Thomson  has  well  phrased  it,  "  like  a  Bourgueticrinus  which 
had  been  going  to  the  bad  for  a  million  of  ages,  somehow  getting 
worsted  in  the  ^  struggle  for  life.^  ^'  Carrying  back  the  same  idea, 
we  might  surmise  that  the  Bourgueticrinus  itself  may  have  been  the 
lineal  descendant  of  one  of  the  great  Pear-Encrinites  of  the  Oolitic 
period,  which,  during  the  millions  of  ages  that  elapsed  before  the 
chalk  formation  began  to  be  deposited,  was  undergoing  the  like 
degeneration.  The  process  would  thus  resemble  the  decay  of  some 
old  family  which  once  held  its  head  high  in  wealth  and  power,  but 
which  has  gradually  become  "  reduced  in  circumstances ;''  its  poverty- 
stricken  representatives  having  first  come  to  live  as  tenants  or 
labourers  on  the  estate  once  owned  by  their  forefathers,  and  having 
finally  been  reduced  to  a  condition  of  abject  beggary. 

It  is  a  matter  of  no  small  interest  that  the  Rhizocrinus,  though 
first  discovered  by  Sars  near  the  Lofibden  Islands  (which  lie  off  the 
north-western  part  of  the  Norwegian  coast),  has  since  been  obtained 
in  the  "  Lightning  ^^  and  "  Porcupine  '^  dredgings  at  various  points, 
and  at  very  considerable  depths  along  the  eastern  border  of  the  Atlantic 
basin  from  the  Faroe  Islands  to  the  Bay  of  Biscay,  and  that  Count 
Pourtales,  who  has  been  engaged  in  the  United  States  Coast  Survey 
of  the  Gulf  Stream,  met  with  it  oflF  the  reefe  of  Florida.  And  since, 
as  will  presently  appear,  another  Crinoid  of  the  Apiocrinite  type  can 
live  at  the  depth  of  nearly  three  miles — the  greatest  yet  explored  by 
the  dredge — it  is  probable  that  the  little  Bhizocrinus  is  generally 
diflfiised  over  the  North  Atlantic  sea-bed,  save  where  an  extreme 
depression  of  its  temperature  is  produced  by  Arctic  currents. 

It  was  the  remarkable  success  of  M.  Sars^s  researches,  and  the 
interest  excited  by  them,  which  (as  already  narrated,  p.  226)  led 
Professor  Wyville  Thomson  and  myself  in  1868,  to  propose  to  the 
President  and  Council  of  the  Royal  Society  that  our  own  Government 
should  be'  requested  to  place  means  at  our  disposal  for  similar  explo- 
rations, and  the  Admiralty,  on  the  recommendation  of  that  body, 
has  provided  us  for  two  consecutive  seasons  with  an  equipment  which 
has  enabled  us  to  carry  on  dredging  operations  at  depths  which  would 
have  been  previously  considered  altogether  beyond  their  reach,  and  has 
now  liberally  extended  this  aid  to  a  third  year.    But  before  giving  an 
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account  of  the  researches  which  we  have  thus  been  enabled  to  prose- 
cute into  the  Life  of  the  Deep  Sea,  it  is  but  fair  to  state  that  we  had 
been  anticipated  in  this  inquiry  by  the  United  States  Coast  Survey ; 
which,  being  engaged  in  the  careful  examination  of  the  part  of  the 
Gulf  of  Mexico  that  forms  the  outlet  of  the  Gulf  Stream,  directed 
Count  Pourtales,  who  had  previously  distinguished  himself  in  the 
practical  study  of  Marine  Zoology,  to  carry  on  Deep-Sea  dredging  in 
connection  with  the  work  of  the  survey.  This  he  commenced  in  the 
spring  of  1867,  and  though  the  work  of  the  expedition  was  much 
interrupted  by  the  breaking  out  of  yellow  fever  on  board,  so  that 
only  a  few  casts  of  the  dredge  were  obtained,  yet  these  were  sufficient 
to  satisfy  Count  Pourtales  (who  seems  at  that  time  to  have  been 
unacquainted  with  Sars's  researches)  that  animal  life  exists  at  a 
depth  of  270  fathoms  in  as  great  a  diversity  and  as  great  an  abun- 
dance as  in  shallow  waters.  The  promising  characters  of  these 
results  led  Professor  Peirce,  the  Superintendent  of  the  United  States 
Coast  Survey,  to  decide  upon  sending  out  Count  Pourtales  in  the 
following  year  with  a  better  equipment;  and  in  the  spring  of  1868, 
at  the  very  time  when  our  own  expedition  was  first  proposed,  he  was 
actively  carrying  on  the  work  in  which  we  were  anxious  to  engage. 
As  before,  the  explorations  were  prosecuted  within  the  outlet  of  the 
Gulf  Stream,  between  the  Florida  Reef,  the  Bahama  Bank,  and  the 
Coast  of  Cuba;  and  the  depths  attained  were  from  100  to  517 
fathoms.  It  was  between  250  and  350  fathoms  that  the  greatest 
abundance  of  animal  life  prevailed.  Many  new  species  were  pro- 
cured, some  of  them  in  extraordinary  numbers,  but  there  were  not 
many  new  genera,  except  among  Bchinoderms.  Among  the  most 
interesting  of  the  new  types  was  a  living  Crinoid,  referred  by  Pour- 
tales to  the  species  of  Bourgueticrinus,  which  had  been  described  by 
jyOrbigny  as  occurring  in  a  fragmentary  state  in  the  recent  breccia 
of  Guadaloupe,  wherein  is  imbedded  the  so-called  "fossil  human 
skeleton,^'  preserved  in  the  British  Museum.  This  was  a  remarkable 
verification  of  D^Orbigny's  surmise  that  the  species  might  probably 
be  found  living  in  the  West  Indian  seas ;  and  still  more  remarkable 
was  the  proof  subsequently  obtained  of  its  identity  with  the  Lofibden 
Bhizocrinus  of  Sars.  Between  350  and  517  fathoms  (the  last  being  the 
greatest  depth  to  which  dredging  had  then  been  carried),  the  bottom 
was  found  to  be  usually  covered  with  Olobigerina  mud,  and  with  this 
were  brought  up  various  examples  of  higher  types,  though  the  Fauna 
was  much  less  varied  as  well  as  smaller  in  size,  than  that  of  the  range 
between.  250  and  350  fathoms.  It  was  specially  noted  that  colour 
was  by  no  means  deficient  among  deep-sea  animals,  and  that  they 
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have  generally  well-developed  eyes,  larger  if  anything  than  those  of 
their  congeners  of  shallow  waters.  At  the  conclusion  of  Count 
Pourtales^  Eeport  of  the  Deep  Sea  Explorations  of  1867  and  1868, 
Professor  Agassiz  drew  attentiontotheindicationsof  identity  between 
several  of  the  types  of  Echinoderms  and  Corals  discovered  in  the 
deeper  parts  of  the  West  Indian  seas  and  those  of  the  Northern  coasts 
of  Europe,  and  this  he  attributed  to  the  transporting  agency  of  the 
Gulf  Stream.  The  proofs  of  such  identity  have  been  greatly  multiplied 
by  the  researches  of  the  last  two  years,  but  so  long  as  the  tempera^ 
ture  of  the  sea-bottom,  from  which  the  various  West  Indian  species 
were  brought  up,  is  not  recorded,  it  would  be  premature  to  form  any 
opinion  as  to  the  causes  of  this  peculiar  distribution,  which  may 
possibly  prove  to  be  the  very  opposite,  in  some  instances  at  least,  of 
Professor  Agassiz's  conjecture.  The  immense  importance  of  tempe- 
rature observations  in  connection  with  Deep-sea  dredging,  will  become 
apparent  in  the  summary  I  shall  now  give  of  the  general  results  of 
the  Deep- Sea  dredgings  carried  on  during  the  ''  Lightning ''  expedi- 
tion of  1868,  and  the  ^^  Porcupine  ^^  expedition  of  1869. 

The  lateness  of  the  date  at  which  the  '^  Lightning  '^  expedition 
started,  and  the  further  limitation  of  its  opportunities  for  Deep-sea  ex- 
plcH-ation,  occasioned  by  unfavourable  weather,  reduced  the  number  of 
days  available  for  dredging  on  a  bottom  exceeding  500  fathoms^  depth 
to  Jive ;  but  the  results  of  the  work  done  in  these  proved  of  the  highest 
interest,  and  prepared  the  way  for  a  more  effectual  prosecution  of  the 
inquiry.  Our  first  deep  dredgings  were  carried  on  the  Gold  Area, 
over  which,  as  described  in  the  previous  paper,  a  stream  of  Arctic 
waters  reduces  the  temperature  of  the  sea-bed  to  about  80°.  The 
bottom  here  consisted  of  sand  and  stones,  and  there  was  an  almost 
entire  absence  of  Foraminifera,  This  fact,  which  our  subsequent 
researches  fully  confirmed,  is  one  of  fundamental  importance  with 
reference  to  the  question  whether  the  GlobigeHnoe  live  and  multiply 
on  the  bottom,  or  live  near  the  surface  and  sink  to  the  bottom  after 
death.  For  since,  as  will  be  recollected,  the  temperature  of  the 
upper  stratum  of  waters  is  the  same  in  the  cold  area  as  in  the  warm, 
there  is  no  reason  why,  if  the  latter  were  the  case,  the  GlohigeriiuB 
should  not  be  found  as  abundantly  on  the  cold  sea-bed  as  they  are  on 
the  warm.  Of  the  Foraminifera  which  did  present  themselves,  the 
most  remarkable  belonged  to  the  Arenaceous  type,  in  which  the 
Calcareous  shells  of  the  Porcellanous  and  Vitreous  series  are  replaced 
by  "  tests  ^^  composed  of  sand-grains  cemented  together,  frequently 
with  the  most  wonderful  symmetry  and  perfection  of  fitting.  The 
Fauna,  though  scanty,  was  by  no  means  of  a  low  order — ^aU  the  more 
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elevated  types  of  marine  animal  Kfe — Mollusca^  Crustacea,  Worms, 
and  Echinodemis,  being  represented  in  it.  Several  of  them  were 
most  characteristic  members  of  the  Boreal  Fauna — among  these  was 
the  rare  Norwegian  sta^j-fish  Brisinga,  which  is  remarkable  for  its 
close  alliance.to  the  fossil  genus  Frotaster, 

Even  this  first  imperfect  attempt  served  to  prove  that  a  depth 
exceeding  500  fathoms  with  a  temperature  below  32^,  is  not  incom- 
patible with  the  existence  of  animal  life  in  considerable  variety ; 
and  that  so  far  firom  there  being  a  predominance  of  low  forms^  the 
character  of  the  Fauna  is  as  high  as  that  of  the  Northern  shores 
from  which  it  seems  to  be  derived. 

The  more  complete  exploration  which  we  were  enabled  to  make 
of  this  Cold  area^  however,  in  the  following  year,  with  the  further 
advantage  of  an  improved  method  of  collection,  devised  by  our  Com- 
mander, produced  an  unexpected  modification  in  our  ideas  as  to  the 
comparative  barrenness  of  its  Sea-bed ;  for  they  proved  it  to  be  one 
of  remarkable  richness  in  certain  types  of  animal  life,  and  these  by 
no  means  the  lowest  in  the  scale.  Captain  Calver  having  noticed 
that  animals  frequently  came  up  attached  to  the  part  of  the 
dredge-rope  that  had  lain  on  the  ground,  or  to  the  net  of  the  dredge 
itself,  justly  reasoned  that  if  the  Sea-bottom  were  swept  with  hempen 
brushes,  they  would  probably  bring  up  many  creatures  that  might 
escape  the  scraping  of  the  dredge.  These  brushes  were  made  of 
bundles  of  rope-yam  teazed  out  into  their  separate  threads,  and  tied 
together  at  the  top,  so  as  closely  to  resemble  the  ordinary  "  swabs  " 
used  on  board  ship.  An  iron  rod  was  attached  to  the  bottom  of  the 
dredge,  and  carried  out  about  two  feet  on  either  side  of  it ;  and  it 
was  to  these  projecting  portions  (resembling  the  studdingsail-booms 
extended  from  a  yard-arm)  that  the  '^ hempen  tangles^'  were  attached 
by  Captain  Calver,  who  rightly  judged  that  if  they  were  attached  to 
the  bottom  of  the  dredge  itself,  they  would  only  bring  up  what  the 
dredge  had  passed  oyer  and  crushed.  Though  the  use  of  these 
''  tangles  "  often  added  much  to  our  "  hauls  '^  on  the  softer  ground, 
yet  it  was  on  the  hard  bottom  of  the  Cold  area  that  their  value  be- 
came especially  apparent,  the  "  tangles  "  often  coming  up  laden  with 
the  richest  spoils  of  the  Ocean-bed,  when  the  dredge  was  nearly 
empty.  Hence  it  is  plain  that  no  exploration  of  the  Sea-bed  can 
henceforth  be  considered  complete,  in  which  Capt.  Calver's  ^^hempen 
tangles^'  are  not  used  in  combination  with  the  dredge;  and  that 
no  inferences  regarding  either  the  absence  or  the  comparative 
scantiness  of  Animal  life  on  any  particular  bottom  can  be  fairly 
drawn  from  the  negative  evidence  afforded  by  the  failure,  of  the 
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dredge  to  collect  samples  of  the  forms  that  may  be  profusely  spread 
over  it. 

The  most  marked  feature  in  the  Fauna  of  the  Cold  area  is  un- 
doubtedly its  extraordinary  richness  in  Echinoderms ;  the  prevalent 
types  being  of  a  decidedly  Boreal  and  even  Arctic  character.  During 
the  course  of  our  exploration  we  met  with  nearly  all  the  members  of 
this  group  which  have  been  described  by  Scandinavian  Naturalists  as 
dwelling  near  the  coast  and  in  the  fiords  of  Norway,  and  were  par- 
ticularly struck  with  the  abundance  of  the  beautiful  Antedon  {Ooma^ 
tula)  Eschrichtii,  which  has  hitherto  been  obtained  only  &om  the 
neighbourhood  of  Iceland  and  Greenland.  On  the  other  hand,  such 
of  the  characteristically  Southern  forms  as  here  presented  themselves 
were  so  reduced  in  size,  that  they  might  almost  be  accounted  speci- 
fically distinct,  if  it  were  not  for  their  exact  conformity  in  general 
structure;  the  common  Solaster  papposa,  for  example,  being  dwarfed 
from  six  inches  in  diameter  to  two,  and  having  never  more  than  ten 
rays ;  and  the  Asterocanthion  violaceus  and  Cribella  oculata  being  re- 
duced in  like  proportion.  One  striking  feature  of  the  group,  however, 
showed  no  modification.  The  coloration  of  these  animals,  though 
brought  up  from  a  depth  of  500  or  600  fathoms,  was  as  rich  and 
beautiAil  as  that  of  their  littoral  representatives.  Their  orange, 
violet,  and  scarlet  blended  admirably  with  the  pale-green  of  the  large 
Sponge-stem  to  be  presently  mentioned,  when  grouped  together  in 
a  basin  of  water ;  and  we  were  led  to  wonder,  on  the  one  hand,  how 
such  vivid  hues  could  be  produced  in  the  absence  of  light,  and,  on 
the  other,  what  purpose  they  can  serve  in  the  economy  of  animals 
which  live  on  a  bottom  entirely  unillumined  by  solar  rays,  and  only 
exhibit  them  when  brought  within  reach  of  these.  Whilst  our  ex- 
plorations in  the  Cold  area  thus  added  to  the  British  Fauna  a  large 
number  of  types  of  Echinoderms  which  had  been  previously  supposed 
to  lie  altogether  beyond  its  range,  they  also  brought  up  several  forms 
which  are  altogether  new  to  science,  some  of  them  of  very  consider- 
able interest.  Thus,  in  the  Shetland  channel  we  procured  from  a 
depth  of  640  fathoms  a  full-sized  specimen  of  a  remarkable  Clypeas- 
troid  form,  of  which  young  examples  had  been  obtained  in  the. first 
cruise.  This  we  believed  to  be  quite  new;  but  soon  after  our  return 
we  learned  that  it  had  been  obtained  some  months  previously  by 
Count  Pourtales  in  his  Gulf  Stream  dredgings,  from  a  depth  of  349 
fathoms,  and  had  been  described  by  Mr.  Alex.  Agassiz,  under  the 
generic  name  Pourtalesia,  He  regards  it  as  a  living  representative 
of  the  Infulasters  of  the  Cretaceous  period;  resembling  it  in  ita 
extraordinarily  prolonged  form,  which  makes  it  more  resemble  & 
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Holothurian  tlian  a  Sea-nrclim^  its  mouth  being  at  one  extremity 
and  its  anus  at  the  other.  The  interest  attaching  to  the  discovery  of 
this  curions  type  in  so  distant  a  locality^  and  under  conditions  appa- 
rently so  different,*  has  fully  compensated  us  for  not  having  been 
the  first  to  meet  with  it ;  more  especially  as  we  are  able  to  give  the 
generic  name  Calveria,  which  we  had  devised  as  a  compUment  to  our 
excellent  Commander,  to  another  singular  Star-fish  which  we  believe 
to  be  new  to  science. 

Of  the  Crustacea  of  the  Cold  area,  many  are  most  distinctly  re- 
ferable to  the  Fauna  of  Spitzbergen,  whilst  others  are  characteristi- 
cally Norwegian.  We  were  struck  with  finding  attached  to  the 
'^tangles,"  on  necurly  every  occasion,  numerous  specimens  of  very 
large  Pycnogonids,  measuring,  when  their  limbs  were  extended,  as 
much  as  four  or  five  inches  across.  The  comparatively  small  forms 
of  these  animals  that  are  common  on  our  own  shores,  are  commonly 
found  imbedded  in  the  gelatinous  layer  that  envelopes  tiie  surfaces 
of  Algte,  and  the  suctorial  character  of  their  mouths,  taken  in  con- 
nection with  the  feebleness  of  tiieir  locomotive  powers,  seems  to  in- 
dicate that  they  are  nourished  by  the  ingestion  of  this  material. 
Hence  it  is  probable  that  their  gigantic  representatives  living  on 
the  Sea-bottom  make  the  same  use  of  the  sarcodic  substance  of  the 
Sponges  and  Bhizopods  which  they  there  meet  with.f 

The  MolltLsca,  which  in  other  cruises  usually  constituted  the 
principal  results  of  the  dredgings,  were  here  quite  subordinate,  as 
regards  both  number  and  variety,  to  the  groups  already  alluded  to ; 
and  the  difierence  between  the  MoUuscan  Fauna  of  the  Cold  and 
that  of  the  Warm,  was  not  by  any  means  so  great  as  was  shown  in 
other  groups.  One  of  the  most  interesting  tjrpes  which  we  met 
with  was  a  Brachiopod  found  living,  at  Station  65  in  the  Shetland 
channel,  at  a  depth  of  345  fathoms,  and  a  bottom-temperature  of 
30°,  the — Terebratula  septata  of  Philippi,  =  T.  septigera  of  Lov&n. 
A  variety  of  this,  from  the  Pliocene  beds  of  Messina,  has  been  des- 
cribed and  figured  by  Prof.  Seguenza  under  the  name  of  TerebrateLla 
Peloritana,  and  this  variety  is  clearly  the  same  as  the  Waldheimia 
Floridana,  found  in  the  Ghilf  of  Mexico  by  Pourtales,  which  our  own 
numerous  specimens  so  considerably  exceed  in  size  as  to  show  that 

*  It  18  much  to  be  regretted  that  no  information  has  jet  been  made  public  as  to  the 
temperature  of  the  deeper  parts  of  the  Gulf  Stream  before  its  exit  irom  the  Gulf  of 
Mexico.    It  is  quite  possible  that  it  may  prove  to  be  comparativelj  low. 

t  It  seems  worth  while  here  calling  to  mind  that  a  Pyonogomd  of  eyen  yet  more 
gigantic  dimensions  was  among  the  specimens  obtained  bj  what  was  at  that  time  con- 
sidered yery  deep  dredging  in  Sir  James  Boss's  Antarctic  Sxpedition. 


^ 


358  THB  BSBP  SEA. 

its  most  congenial  home  is  in  frigid  water.  A  single  specimen  was 
found  of  another  remarkable  Brachiopod^  the  Platydia  anonUoides 
of  Scacchi  (=  Morrisia  of  Davidson),  hitherto  supposed  to  be  re- 
strictedj  as  a  recent  shell,  to  the  Mediterranean,  though  the  same, 
or  a  very  similar  species,  is  a  characteristic  cmd  widely  diffused  Cre- 
taceous type.  Since  in  this  case,  also,  the  size  of  our  specimen 
greatly  exceeds  the  Mediterranean  examples  of  the  species  (being 
nearly  double),  the  presumption  is  strong  that  its  original  home  is 
in  the  Boreal,  perhaps  even  in  the  Arctic  region. 

Many  beautiful  Stony  OoraU  were  found  at  depths  of  from  500  to 
600  fathoms  in  the  Cold  area,  which  presented  every  appearance  of 
luxuriant  growth.  They  have  been  careftdly  examined  by  Dr.  M. 
Duncan.*  who  has  been  able  to  identify  several  of  them  with  Corals 
dredged  by  M.  Pourtales,  in  the  Gulf  Stream,  and  also'  with  fossil 
forms  preserved  in  the  Italian  and  Sicilian  Tertiaries.  It  is  not  & 
little  curious  that,  as  in  the  case  of  the  Brachiopods  just  noticed,  several 
of  the  Corals  found  in  our  Cold  area  were  so  much  more  fully  de- 
veloped than  their  representatives  in  warmer  regions,  that  the  former 
would  seem  to  be  their  most  congenial  hcibitat.  None  of  these 
Deep-sea  Corals  belong  to  the  genera  that  furnish  the  reef-builders ; 
so  that  the  important  doctrine  of  "  Areas  of  Subsidence,  and  Areas 
of  Elevation,^'  founded  by  Mr.  Darwin  upon  observations  which 
indicate  that  the  growth  of  Coral  Reefs  does  not  take  place  at  a. 
greater  depth  than  20  fathoms,  remains  unaffected. 

The  Sponges  of  the  Cold  area  were  proved  by  the  "  Porcupine** 
sweepings  to  rival  the  Echinoderms  in  variety  and  abundance; 
although  our  '^  Lightning "  dredgings  had  scarcely  brought  up  any 
from  that  bottom.  Magnificent  specimens  were  obtained  of  most  of 
the  species  hitherto  known  only  as  inhabitants  of  much  shallower 
water  in  the  neighbourhood  of  Shetland ;  but  the  most  peculiar  and 
novel  type  of  the  group  was  one  which  we  found  universally 
diffused  over  the  sea-bed,  of  which  it  seems  to  cover  hundreds  of 
square  miles:  although  the  '^ Lightning^s "  dredgings  had  only 
afforded  a  few  fragments  too  minute  and  imperfect  for  their  nature 
to  be  determined,  this  sponge  is  distinguished  by  the  possession  of 
a  firm  branching  axis,  of  a  pale  sea-green  colour,  rising  from  a 
spreading  root  to  a  height  of  probably  18  inches  or  more,  and  ex- 
tending itself  like  a  shrub  or  a  branching  Oorgonia.  The  axis  is- 
clothed  with  the  soft  pale-yellow  sarcodic  substance  of  the  Sponge ; 
and  both  axis  and   Sponge- substance   are  crowded  with   siliceous. 

*  On  the  MadrepwarieLy  dredged  up  in  the  Expedition  of  H.M.S.  ^  Porcupine/'  ia 
the  "  ProoeedingB  of  the  Boyal  Society/*  for  March  24th,  1870. 
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spicnles^  resembling  those  of  Esperia,  a  well-known  Mediterranean 
and  Adriatic  type.  This  great  abundance  of  Sponges  in  the  Cold 
area  seems  to  have  a  peculiar  physiological  significance,  especially 
when  taken  in  connection  with  the  yet  greater  abondance  of  Olobu 
gerincB  and  other  Foraminifera  upon  the  wanner  bottom.  Notwith- 
standing the  wide  difference  between  these  two  groups  in  the  form 
and  structure  of  their  hard  skeletons,  every  Biologist  recognizes  their 
close  affinity ;  and  we  believe  them  to  agree  in  this  most  important 
particular, — ^that  the  sarcodic  substance  of  which  the  entire  animal 
body  is  composed  in  both  groups,  is  capable  of  imbibing  into  itself 
the  nutrient  material  which  has  been  shown  to  be  diffused  throughout 
the  sea- water  (p.  248) ;  just  as  they  derive  from  the  same  source  the 
Carbonate  of  Lime  or  the  Silex  which  forms  the  mineral  basis  of  their 
skeletons.  Once  this  diffiised  Organic  matter  has  been  concentrated 
and  converted  into  sarcode,  whether  by  Olobigerince  or  by  Sponges, 
the  alimentation  of  all  the  higher  members  of  the  Deep- Sea  Fauna 
becomes  readily  intelligible, — a  rich  feeding-ground  being  provided 
for  them,  in  the  Cold  area  by  Sponges,  and  in  the  Warm  by 
OhbigerincB. 

It  was  after  several  days  of  interruption  by  foul  weather,  that,  on 
our  return  southwards  towards  Stomoway  in  the  "  Lightning  ^^  cruise 
of  1868,  availing  ourselves  of  a  lull  that  enabled  us  to  resume  our 
work,  we  put  down  our  Dredge  at  Station  XII.  (see  Map),  where  a 
previous  sounding  had  given  a  depth  of  530  fathoms  and  a  tempera- 
ture of  47°*3,  which,  corrected  for  pressure,  would  be  about  45^. 
The  results  of  this  one  dredging  proved  amply  sufficient  compensation 
for  all  the  discomforts  we  had  undergone  from  bad  weather,  a  leaky 
ship,  and  what  we  feared  might  be  deemed  the  inadequate  return  for 
the  cost  of  the  Expedition.  The  bottom  consisted  of  a  bluish  white 
tenacious  mud,  consisting  of  Olobigerina-'deposit,  mingled  with  fine 
sand,  and  having  a  viscidity  that  seemed  attributable  to  the  diffiision 
through  it  of  Animal  protoplasm.  Our  subsequent  explorations  fiiUy 
accounted  for  this  peculiar  combination ;  for  this  Station,  though 
lying  within  the  Warm  area,  was  so  near  the  border  of  the  Cold,  that 
the  Sand- drift  of  the  latter  was  mingled  with  the  Calcareous  mud  of 
the  former, — just  as  is  often  observable  in  particular  beds  of  the 
Chalk-formation.  Imbedded  in  this  mud  there  came  up  an  extra- 
ordinary collection  of  Siliceous  Sponges  of  new  and  most  remarkable 
forms.  Of  one  of  these,  to  which  we  gave  the  generic  name  Hoitenia, 
in  compliment  to  our  excellent  friend  the  Governor  of  the  Faroe 
Islands,  a  more  particular  account  will  be  presently  given.  In  com- 
pany with  it  were  living  specimens  of  the  Hyalonema  Sieboldii,  or 
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Japanese  Flint  rope^  which  has  been  the  subject  of  so  mnch  contro- 
versy. The  careful  examination  of  these  specimens  since  made  by 
Professor  Wyville  Thomson,  of  which  he  will  ere  long  publish  the 
results,  leaves  no  doubt  whatever  that  the  '^  rope  ^'  and  the  Sponge 
with  which  it  is  connected  constitute  one  organism,  whilst  the  in- 
crusting  Polype  is  parasitic,  as  was  maintained  long  since  by  Pro- 
fessor Max  Schulze,  and  subsequently  by  Professor  Thomson  himself 
(Intellectual  Observer,  vol.  xi.,  p.  81).  The  Foraminifera  here 
obtained  were  also  of  great  interest,  including  many  new  and 
singular  forms  of  the  Arenaceous  type,  associated  with  large  and 
beautiful  Cristellarians  of  varied  shape,  and  Miliolines  of  gigantic 
size.  With  these  lower  forms  our  dredge  brought  up  a  very  rich 
haul  o( Zoophytes,  Echinoderms,  Mollusksy  and  Crustacea;  including, 
to  our  great  delight,  two  specimens  of  Sars's  Bhizocrimuf.  We  thus 
obtained  positive  evidence  of  the  existence  at  a  depth  for  the  first 
time  explored  by  the  dredge,  not  of  a  degraded  or  starved-out  resi- 
duum of  Animal  life,  but  of  a  rich  and  varied  Fauna.  This  Fauna, 
though  essentially  British  in  its  general  character,  included  several 
types  previously  found  only  near  the  coast  of  Norway;  while  the 
large  Cristellaroe  and  Miliolines  and  the  Siliceous  Sponges  seemed 
rather  to  belong  to  a  warmer  temperate  region.  A  subsequent 
dredging  at  Station  XVI.,  nearly  300  miles  to  the  North-west  of  the 
preceding,  brought  up  from  a  depth  of  650  fathoms,  about  2^  cwt. 
of  Olobigerina-mui  of  peculiar  viscidity,  and  everywhere  traversed 
by  long  siliceous  spicules,  which  subsequent  examination  proved  to 
be  the  root-fibres  of  sponges.  No  large  specimens  came  up  in  the 
dredge  on  this  occasion ;  but  a  careful  sifting  of  about  half  the  entire 
mass  of  mud  gave  a  number  of  small  Ophiocomoe,  Polyzoa,  Crustacea, 
and  a  considerable  variety  of  Annelids,  many  of  them  forming  tubes 
by  cementing  Olohigerinoe  or  Sand-grains  in  a  most  regular  and  beau- 
tifiil  manner.  A  new  type  of  Zoophyte  allied  to  Fennatula  lay 
imbedded  in  the  mud ;  and  there  can  be  httle  doubt  that  it  had 
stood  implanted  in  the  soft  bottom,  like  the  Pennatulce  of  shallow 
waters,  whose  occasional  appearance  at  the  surface  is  probably  the 
result  of  accident. 

The  subsequent  more  careful  examination  of  the  Warm  area  which 
we  were  enabled  to  make  in  the  latter  part  of  the  "  Porcupine " 
expedition  of  1869,  fully  confirmed  the  results  of  our  first  tentative 
exploration  of  it,  and  added  many  new  and  remarkable  forms  to 
those  which  we  had  been  fortunate  enough  to  obtain  in  our  "lightning'^ 
dredging.  It  was  the  flbZ^enia-ground  that  again  proved  most  pro- 
lific, and  our  dredge  with  its  tangles  came  up  from  it  loaded  with 
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sucli  a  collection  of  the  "  treasures  of  the  deep/'  as  may  safely  be 
asserted  to  have  never  been  brought  to  tiie  surface  on  any  one  occa- 
sion,— almost  every  specimen  being  such  as  would  be  accounted  an 
important  acquisition  to  museums  already  most  complete.  Holtenias, 
Hyalonemas,  and  other  Siliceous  sponges  came  up  almost  by  the 
bucketful,  the  dredge  and  the  hempen  tangles  being  here  alike  pro- 
ductive. The  Echmoderms  were  also  very  numerous,  and  many  of 
them  very  large ;  and  they  presented  a  curious  admixture  of  Southern 
and  Norwegian  forms,  whilst  nearly  all  of  them  were  new  to  the 
British  Fauna.  On  two  occasions  a  most  singular  Echinidan  was  met 
with,  which,  like  a  church  described  by  Thackeray  in  "  Our  Street," 
was  at  the  same  time  ^^  bran-new  and  intensely  old.'*  This  looked 
externally  like  a  sea-egg  flattened  out  by  pressure ;  it  was  about  five 
inches  in  diameter,  and  of  a  brilliant  crimson  hue.  Its  test  being 
composed  of  plates  separated  by  membrane  instead  of  being  united 
by  suture,  was  quite  flexible,  so  as  to  resemble  an  armour  of  chain- 
mail  rather  than  the  inflexible  cuirass  with  which  the  ordinary 
JEchimda  are  invested.  The  nearest  approximation  to  this  singular 
type  known  to  be  presented  by  existing  forms,  is  found  in  the 
Diadema  family ;  but  its  relationship  seems  much  closer  to  the  very 
singular  fossil  from  the  White  Chalk,  described  by  the  late  Dr.  S.  P. 
Woodward  under  the  name  of  Echinothuriajloris. 

The  most  sanguine  anticipations  of  the  valuable  results  to  be 
derived  from  the  exploration  of  the  Deep  Sea  would  thus  have  been 
much  more  than  realized  by  the  exploration  which  we  carried  on  at 
depths  (which  we  have  now  come  to  consider  quite  moderate)  between 
500  and  700  fathoms.  For  not  only  did  this  exploration  reveal  the 
existence  of  numerous  forms  of  animal  life  which  were  altogether 
new  to  science,  and  greatly  extend  our  knowledge  alike  of  the  Geo- 
graphical and  the  Bathymetrical  range  of  others  with  which  naturalists 
were  already  acquainted,  but  it  also  proved  eminently  suggestive  in 
regard  to  the  intimate  relationships  which  it  manifested  between 
various  existing  inhabitants  of  the  Deep  Sea,  and  types  characteristic 
of  the  Cretaceous  and  Tertiary  periods  which  had  been  accounted 
long  since  extinct.  As  among  these  relationships  there  is  none  more 
interesting  than  that  which  our  beautiful  Soltenia  (Plate  I.)  bears  to 
the  curious  fossils  of  the  White  Chalk,  known  as  Ventriculites,  this 
type  may  be  appropriately  selected  for  more  particular  description. 

The  large  importation  that  has  recently  been  made  of  specimens  of 
the  beautiful  Euplectella  of  the  Philippine  Islands,  has  made  almost 
every  student  of  Natural  History  familiar  with  the  existence  of  a  type 
of  sponges^  in  which  the  keratose  or  homy  framework  (usually  more 
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or  less  beset  with  siliceous  or  calcareons  spicules)  that  forms  the  sup- 
port of  the  living  sarcode  in  the  ordinary  representatives  of  the  class 
Poriferay  is  replaced  by  a  complete  siliceoua  skeleton.  To  this  type, 
which  has  been  ranked  as  a  distinct  order  by  Professor  Wyville 
Thomson,  under  the  designation  Porifera  vitrea,  or  vitreous  sponges, 
several  sponges  are  to  be  referred,  that  differ  greatly  in  form,  and  are 
widely  remote  in  geographical  distribution ;  among  them  the  large 
mushroom-shaped  Dictyocalyx  of  Barbadoes,  the  Hyahnema  or  Japa- 
nese Flint-rope,  the  Aphrocallistes  of  the  coast  of  Portugal,  arid  several 
others.  In  some  of  these,  as  Euplectellay  the  principal  spicules  of 
the  skeleton  are,  so  to  speak,  soldered  together  to  such  an  extent  as 
to  be  with  difficulty  separated ;  the  framework  they  form  being  thus 
very  firm  and  complete,  even  when  all  its  animal  matters  has-been 
removed  by  boiling  in  nitric  add.  But  in  others,  as  Holtenia,  the 
spicules  are  less  intimately  united,  and  may  for  the  most  part  be 
.detached  from  each  other  by  the  destruction  of  the  animal  matter 
that  connects  them  in  the  living.fabric ;  and  thus  a  gradational  affinity 
is  shown  between  the  typical  vitreous  sponges  and  those  in  which 
siliceous  spicules  are  worked  into  a  keratose  framework.  An  extra- 
ordinary variety  presents  itself  in  tie  forms  of  the  spicules  entering 
into  the  skeleton  of  Holtenia ;  and  many  of  these  forms  have  been 
supposed  to  be  characteristic  of  diverse  types  of  the  sponges.  See 
Plate  II.,  Figs.  4— IS  and  15. 

Nothing  could  look  more  unpromising  than  did  our  Holtenias, 
when  they  came  up  peiletrated  throughout  with  the  sandy  mtkd,  in 
the  midst  of  which  they  lay  imbedded,  but  the  louch  immediately 
revealed  their  character,  and  although  deficient  in  the  elegance  of 
form  by  which  the  "  Venus*  Flower-basket  ^'  is  pre-eminently  distin- 
guished, they  proved  scarcely  inferior  to  it  in  the  beauty  of  their 
siliceous  framework,  as  exhibited  in  specimens  from  which  the  mud  haa 
been  completely  washed  out,  and  the  animal  matter  got  rid  of  by  decay. 
(Plate  I.  and  Plate  II.,  Figs.  2,  3,  etc.)  The  body  of  this  sponge  is 
as  large  as  a  moderate-sized  turnip  ;  the  central  part  of  it  is  (so  to 
speak)  scooped  out  from  above  so  as  to  form  a  pit,  the  mouth  of 
which  is  surrounded  by  a  collar  of  radiating  spicules,  tapering  to 
fine  points  ;  whilst  from  its  lower  part  there  proceeds  a  sort  of  bushy 
beard  composed  of  elongated  cylindrical  spicules,  which  extend  fisur 
into  the  subjacent  mnd. 

The  Ventriculites  of  the  chalk  form  a  group  which  has  greatly 
perplexed  Palasontologists ;  partly,  as  it  would  now  appear,  on 
account  of  the  metamorphic  action  which  their  fossil  skeletons  have 
undergone*     ^'  They  have  uBually  the  form  of  gracefril  vaaes^  tubes> 
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or  fiumels^  variously  ridged  or  grooved,  or  otherwise  ornamented  on 
the  surface ;  firequently  expanded  above  into  a  cup-like  lip,  and  con- 
tinued below  into  a  bundle  of  fibrous  roots.  The  minute  structure  of 
these  bodies  shows  an  extremely  delicate  tracery  of  fine  tubes,  some- 
times empty,  sometimes  filled  with  loose  calcareous  matter,  dyed  with 
peroxide  of  iron/^  The  late  Mr.  Toulmin  Smith,  who  made  a  carefiil 
study  of  this  group  several  years  ago,  came  to  the  conclusion  that 
their  peculiarities  of  structure  indicated  their  aflSnity  to  be  rather 
with  Polyzoa  than  with  Sponges ;  and  Dr.  Bowerbank,  who  upheld 
their  spongeous  character,  was  unable  to  point  to  any  recent  sponge 
as  presenting  any  close  relationship  to  them.  Professor  Wyville  Thom- 
son, however,  after  a  careftd  comparison  of  these  Ventriculites  with 
Vitreous  Sponges,  since  discovered,  has  satisfied  himself  that  they 
belong  to  that  group;  and  accounts  for  the  disappearance  of  the  silex 
of  their  skeletons  by  a  process  of  chemical  solution,  which  has  carried 
it  away  to  help  to  form  the  solid  fiints,  leaving  their  moulds  only  in 
the  chalk.  So  far  fi-om  being  extinct,  he  believes  that  the  group 
represented  by  the  Ventriculites  attains  a  much  higher  development 
at  the  present  time  than  it  did  in  the  Cretaceous  epoch;  having 
apparently  been  gaining  ground,  while  the  Pear-Encrinites  have  been 
losing  it. 

The  "  Porcupine  "  dredgings  of  1869,  however,  did  much  more 
than  add  to  these  spoli-a  opima  of  depths  previously  unexplored,  which 
we  had  been  fortunate  enough  to  obtain  in  the  tentative  "Lightning** 
expedition  of  the  previous  year.  For  by  means  of  the  excellent 
equipments  provided  by  the  Admiralty,  and  the  skilful  management 
of  our  excellent  Commander,  the  dredge  was  worked  on  the  Atlantic 
slope  to  the  west-north-west  of  Ireland  at  depths  progressively 
increased  to  800,  1200,  and  1500  fathoms,  with  results  so  satisfactory 
as  to  encourage  the  expectation  that  still  greater  depths  might  be 
explored  with  equal  success.  The  greatest  known  depth  within  easy 
reach  of  a  harbour  having  been  found  to  be  at  the  northern  part  of 
the  Bay  of  Biscay,  about  250  miles  to  the  west  of  ITshant,  the 
course  of  the  '^  Porcupine ''  was  directed  thither ;  and  my  colleague^ 
Professor  Wyville  Thomson  (who  had  the  scientific  charge  of  that 
cruise),  had  the  satisfaction  of  seeing  the  dredge  come  up  from  a 
depth  of  2435  fathoms,  or  nearly  three  miles y  loaded  with  about  li 
cwt.  of  Olobigerina-mud  (masses  of  which,  when  dried,  have  exactly 
the  appearance  and  texture  of  ordinary  chalk),  imbedded  wherein 
were  representatives  of  the  higher  as  well  as  the  lower  types  of 
Marine  Invertebrata,  including  a  new  Crinoid,  belonging,  like  Rhizo- 
crinuSf  to  the  Apiocrinite  type,  but  generically  different  from  it. 
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This  most  important  result  may  be  regarded  as  uneqaivocallj 
proving  that  there  is  no  limit  to  the  depth  at  which  Animal  life  can 
sxist  in  the  Ocean  ;  for  as  the  deepest  reliable  sounding  has  not  any- 
where given  a  greater  depth  than  3000  fathoms,  there  can  be  no 
condition  save  pressure  which  is  necessarily  altered.  It  has  been 
shown  (p.  248)  that  the  Nutrition  of  Deep- Sea  Animals  is  primarily 
dependent  upon  the  organic  matter  difiFused  through  the  whole  mass 
of  Oceanic  water ;  they  can  support  themselves,  therefore,  as  well  at 
8000  fathoms  as  at  2435.  Their  Eespiration,  again,  is  provided  for 
by  the  difiusibility  of  the  gases  in  solution  :  oxygen  being  exchanged 
for  the  carbonic  acid  generated  by  the  Animal  life  of  the  bottom, 
however  deep  it  may  be,  and  the  converse  exchange  taking  place  at 
the  surface.  As  far  as  we  know  at  present,  no  appreciable  amount 
of  light  could  penetrate  to  1000  fathoms,  and  no  greater  depth,  there- 
fore, can  be  more  completely  removed  from  its  influence;  and  as 
regards  Temperature,  when  once  a  depth  of  2000  fathoms  has  been 
reached,  a  further  descent  seems  to  make  very  little  difference.  Now 
the  Pressure  on  the  bodies  of  Animals  at  2400  fathoms  is  about  three 
tons  on  the  square  inch,  while  at  3200  fathoms  it  would  be  four  tons ; 
but  the  condition  which  makes  the  former  bearable  is  by  no  means 
limited  to  a  particular  amount,  and  applies  equally  to  that  which  Ani- 
mals would  have  to  sustain  at  any  depth.  That  condition  is  the  equality 
in  the  pressure  of  fluids  in  all  directions  ;  so  that  however  delicate 
the  conformation  of  an  Animal  composed  of  solid  and  liquid  mole- 
cules, its  shape  will  not  be  in  the  least  affected  (its  size  being  only 
reduced  in  a  measure  that  may  be  practically  disregarded),  nor 
will  its  movements,  whether  general  or  molecular,  be  in  any  way 
interfered  with.  Those  to  whom  this  statement  may  appear  supris- 
ing,  should  call  to  mind  the  fact  that  the  Atmospheric  pressure  upon 
the  body  of  an  ordinary-sized  man  exceeds  fifteen  tons  ;  whilst  a  rise 
or  &11  of  the  barometer  to  the  extent  of  an  inch  marks  a  difference 
of  half  a  ton  in  that  amount. 

When  we  reflect  that  '^  we  live  and  move  and  have  our  being," 
utterly  unconscious  of  the  enormous  load  we  are  bearing,  and  that 
we  do  not  feel  the  laying-on  or  the  removal  of  half  a  ton  (or  even 
more)  as  a  variation  in  its  pressure,  we  can  more  readily  conceive 
how  creatures  destitute  of  air-cavities  can  sustain  a  pressure  of  even 
three  or  four  tons  upon  the  square  inch,  without  its  interfering  in 
any  way  with  their  welfare  or  enjoyment. 

The  length  to  which  this  paper  has  extended  renders  it  neces- 
sary to  postpone  to  some  future  occasion  a  notice  of  some  of  the 
Geological  bearings  of  recent  Deep-Sea  Explorations. 
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Table  to  accompany  the  Coloured  Map,  opposite  p.  225. 
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41-9 

76 

60    36 

8    58 

344 

50-3 

29-7 

77 

60    34 

4    40 

560 

50-9 

29-8 

78 

60     14 

4    30 

290 

52-2 

41*5 

79 

59    44 

4    44 

76 

521 

48-9 

80 

59    49 

4    42 

92 

53-2 

49-4 

81 

59     54 

5       1 

142 

53*3 

491 

82 

60      0 

5     IS 

312 

52-3 

41-4 

83 

60      6 

5      8 

362 

581 

37-5 

84 

59     34 

6    34 

155 

54-3 

49-1 

85 

59     40 

6    34 

190 

53-9 

48-6 

86 

59    48 

6     31 

445 

53-6 

301 

87 

59     35 

9     U 

767 

52-5 

41-4 

1        88 

59     26 

8    23 

705 

53-5 

42-6  . 

"LIGHTNING"  SOUNDINGS. 


BUtion, 

North 

West 

No. 

Latitude. 

Longitude. 

e          * 

O                    4 

1 

59    20 

7      5 

2 

60    32 

9    10 
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60    31 

9    18 

4 

60    41 

8    45 

5 

61       1 

7    48 

6 

60    45 

4    49 

7 

60      7 

5    21 

8 

60     10 

5    59 

10 

60    28 

6    66 

11 

60     30 

7     16 

12 

59    36 

7    20 

13 

59      5 

7    29 

14 

59     50 

9     15 

15 

60    88 

11      7 

16 

61      2 

12      4 

17 

59     49 

12     36 

Depth, 
Fathoms. 


500 
164 
229 
72 
62 
510 
500 
550 
500 
450 
530 
189 
650 
570 
650 
620 


Surf  see 

Temperature, 

Fahrenheit. 


54-5 
540 
54-0 
54-0 
530 
52-0 
51*0 
530 
51-0 
500 
52-5 
520 
530 
52-0 

52-0 


Bottom 

Temperature, 

Fahrenheit. 


46-5 
48-0 
47-0 
49«0 
50-0 
31-0 
30-0 
29-8 
30-8 
31-2 
44-8 
48-5 
430 
43-5 

43-5 


This  number  has  been  omitted  bj  the  Engrarer.    Its  pUoe  is  about  midway  between  68  and  06. 
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'  Table  befebbed  to  in  p.  288. 

Tehpebatttse  of  the  Sea  at  DiFVsvBsrT  Depths  m  the  Chanitel  between  the  Nobth 
of  Scotland,  the  Shetland  Isles,  and  the  Faboe  Islaitdb  ;  as  ascertained  by 
Serial  and  by  Bottom  Soukdikgs.     (N.B.— The  Boman  Numerals  indicate  the 
<*  lightning  "  Temperatare-Soundings,  corrected  for  preasore.) 


Wash  Absa. 

^OOLD  AXXA. 

Serien  87. 

Series  64. 

Ser.  5S. 

• 

mm 

Surface 
Tempe. 
ratore. 

Bottom 
Tempe- 
rature. 

• 

Sniface 

Bottom 

• 

Tempe- 
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No. 

% 

i 

Tempe- 

Tempe. 

Station 
No. 

Tempe- 
rature. 

Tempe- 
rature. 

& 

ratore. 

h^ 

s 

rature. 

rature. 

^^ 

faths. 

btha. 

p 

faths. 

o 

o 

o 

fatha. 

o 

o 

0 

o 

0 

52-6 

0 

49-7 

521 

50 

481 

73 

84 

52-7 

48-8 

50 

45-5 

48-5 

70 

66 

53-4 

45-2 

80 

92 

53-2 

49-4 

69 

67 

53-5 

43-8 

100 

47-3 

100 

450 

47-3 

68 

75 

62-5 

440 

71 

103 

530 

48-6 

61 

114 

50-4 

450 

81 

142 

53-3 

49-11 

62 

125 

49-6 

44-6 

150 

47-0 

84 

155 

54-3 

49-2 

150 

43-3 

46-6 

60 

167 

49-5 

44-3 

85 

190 

53-9 

48-7 

IX. 

170 

520 

41-0 

200 

46-8 

200 

39-6 

45-6 

74 

203 

52-5 

47-7 

250 

34-8 

38-4 

300 

46-6 

1 

300 

32-4 

30-8 

63 
65 
76 

317 
345 
344 

49-0 
520 
50-3 

30-3 
29-9 
29-7 

50 

355 

52-6 

46-2 

350 

31-4 

•  * 

54 

363 

52-5 

31-4 

46 

374 

58-9 

460 

384 

ft  • 

30-6 

400 

310 

•  ft 

86 

445 

53-6 

30-1 

400 

46-1 

89 

445 

531 

45-6 

450 

30-6 

•  • 

90 

458 

531 

45-2 

56 

480 

52-Q 

30-7 

49 

475 

53-6 

45-4  : 

f 

53 

490 

521 

300 

500 

451 

500 

301 

ft  • 

X. 

500 

510 

30-8 

XII. 

530 

52-5 

44-S    : 

68 

540 

51-5 

30-8 

47 

542 

54*0 

43-8 

VIII. 

550 

530 

29-8 

XV. 

570 

520 

43-5 

550 

301 

«  ft 

77 
59 

560 
580 

50-9 
52-7 

298 
29-7 

600 

430 

1 

600    29-9 

ft  • 

XVII. 

620 

520 

43-5 

65 

605 

52-6 

29-8 

XIT. 

650 

530 

42-5 

640 

29-6 

•  • 

57 

632 

520 

30-5 

700 

88 

705 

53-5 

42-7 

767 

41-4 

Descbiption  of  Plates. 
Plate  I. — ^Holtenia  Carpenteri. 

Plate  II. — Fig.  1.  Vertical  section  of  Holtenia  Carpenteri,  showing 

oscular    cavity    and    general    arrangement    of 
sponge,  substance  -J  n.  s. 
2.  A  portion   of  the   outer  wall,    showing  stellate 
arrangement  of  siliceous  spicules  and  ultimate 
Barcode  network,  with  inhalent  pores. 
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Plate  II. — Fig.  8.  Section  of  one  of  the  trabeculae  of  the  substance 

of  the  sponge^  showing  the  origin  of  two  of  the 
fascicles  of  spicules  of  the  beard^  which  pass 
through  the  outer  rood  of  the  sponge  at  a  and 
6.     X  10. 

4.  Amphidiscus  spicule,     x  600. 

5  and  5  a.  Feathered  spicule  of  the  sarcode  from 
network  of  outer  rood,     x  200. 

6.  Hamate  spicule  from  fascicle  of  the  beard,   x  150. 

7.  One  of  the  smaller  quinque-radiate  spicules  from 

network  of  oscular  cavity,     x  about  13. 

8.  Small  portion  of  long  simple  spicules  of  beard. 

9.  Spiny  spicule  from  margin  of  osculum. 

10.  Large  quinque-radiate  spicule  of  outer  network. 

X  about  13. 

11.  One  form  of  hamate  spicule  from  fascicle   of 

beard,     x  about  13. 

12.  Another  ditto. 

13.  Large  quinque-radiate  spicule  from  outer   net- 

work.    (See  also  10.) 

14.  Portion  of  delicate  silky  fibre  from  neighbourhood 

of  osculum. 

15.  Fusiform  spicule  of  sarcode  from  inner  sponge 

substance,     x  125. 

16.  Holtenia  Garpenteri,  young,     x  5. 

17.  Oscular  surface  of  ditto. 

18.  Hex-radiate    feathered    spicule,    probably   from 

netted  lid  of  Aphrocaclistes. 

19.  Part  of  wall  of  oscular  cavity. 

20.  A  younger  specimen  than  Fig.  16. 

(The  preceding  illustrations  are  taken  from  "  Phil.  Trans.'' 
Woodcut  of  Ehizocrinus  Lofotensis,  page  350. 
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THE  TOTAL  ECLIPSE  OF  THE  MOON. 

BY  JOHN    BROWNING,    P.E.A.S. 

The  early  part  of  the  eclipse  was  not  visible  at  my  telescope,  in 
consequence  of  the  very  low  altitude  of  the  moon.  When  the 
moon  became  visible  about  9  p.m.  the  sky  was  still  very  light,  yet 
from  the  first  moment  of  visibility  it  was  distinctly  seen  that  the 
eclipsed  portion  of  the  moon  was  of  a  full  copper-colour.  On 
repeated  examinations  and  comparisons  of  tints,  I  could  not  better 
describe  the  ruddy  colour  I  saw.  This  colour  increased  in  intensity 
as  the  total  phase  approached,  but  it  was  only  when  the  moon 
began  to  emerge  from  the  shadow  that  the  full  display  of  colour 
became  visible.  At  this  time  the  uneclipsed  crescent  appeared  of  a 
bright  lemon-yellow  colour,  while  to  the  extent  of  one-third  of  tho 
moon's  diameter  the  surface  was  of  a  fine  bluish  grey,  very  different 
from  the  general  hue  of  the  lunar  surface  when  seen  uneclipsed. 
This  colour  gradually  merged  into  a  coppery  tint,  which  at  the 
portion  of  the  limb  opposite  the  bright  crescent  was  of  a  deep 
chocolate. 

Circumstances  prevented  me  from  attempting  the  careful 
measurement  of  the  absorption  lines  in  the  spectrum,  specially  due 
to  vapour.  These  were  easily  recognized  on  the  comparatively  bright 
portions  of  the  moon's  surface,  but  during  the  time  of  total  obscura- 
tion I  could  not  obtain  any  of  these  lines  with  sufficient  sharpness 
to  even  make  drawings  of  them,  though  I  used  a  telescope  of  above 
12  inches  in  aperture,  and  a  spectroscope  in  which  the  spectrum 
was  only  magnified  between  two  and  three  diameters.  I  used  a 
very  wide  slit,  and  the  spectrum  seen  in  this  manner  at  the  time  of 
total  obscuration  consisted  only  of  the  red  and  orange  portions  of 
the  spectrum,  with  a  mere  trace  of  the  green,  not,  I  think,  extend- 
ing as  far  as  little  B  in  the  spectrum.  Prom  B  to  midway  between 
D  and  E  a  large  number  of  cloudy  bands  were  visible.  On  any 
attempt  to  close  the  slit  sufficiently  to  produce  sharp  definition,  the 
spectrum  became  so  dark  that  the  bands  were  themselves  lost. 

To  observe  the  eclipse  I  used  an  achromatic  eye-piece,  having  a 
field  of  nearly  2°,  and  magnifying  about  forty  diameters. 
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STAR-DRIFT. 

BY     EICHAED     A.     PROCTOB,     B.A.,     F.B.A.S., 
Author  of  "Saturn  and  ita  Sjstem,*'  etc.,  etc 

Of  all  the  discoveries  eflTected  by  Sir  W.  Herschel,  none  gave 
greater  evidence  of  his  skill  in  dealing  with  observed  facts  than  his 
discovery  that  the  solar  system  is  sweeping  onwards  with  enormoas 
velocity  through  the  intersidereal  spaces.  The  problem  had 
been  attacked  a  year  or  two  before  by  an  eminent  German  astro- 
nomer without  success.  Mayer  had^  indeed^  announced  definitively 
that  the  stellar  motions  afford  no  evidence  to  countenance  the  view 
that  our  Sun  is  speeding  through  space.  No  other  evidence  lay 
before  Herschel  than  Mayer  had  possessed^  nor  was  there  any 
flaw  in  Mayer's  mode  of  reasoning.  Undoubtedly  the  full  evidence 
which  Herschel  had  to  deal  with  was  unfavourable  to  the  idea  of 
solar  motion.  But  no  one  knew  better  than  Sir  William  Herschel 
that  in  questions  of  this  sort  old  Hesiod's  proverb  is  applicable^ 
that  ''Half  is  often  more  than  the  whole."  By  throwing  aside 
half  the  evidence^  though  that  evidence  already  seemed  sufficiently 
meagre^  he  deduced  a  result  which  all  the  exact  and  recondite 
processes  of  recent  inquiry  have  scarcely  been  able  to  improve 
upon.  He  pointed  to  a  certain  region  among  the  stars  as  that 
towards  which  our  Sun  is  travellings  and  around  that  region  all 
the  best  determinations  of  modem  times  have  rauged  themselves. 
I  have  before  me,  as  I  write,  a  UMip  in  which  I  have  laid  down  all 
the  points  which  Madler,  and  Airy,  and  Argelander,  and  Struve, 
have  successively  indicated  as  the  apex  of  the  sun's  path  in  space. 
These  points  cover  a  region  of  the  heavens  some  twenty  degrees 
in  length  and  some  ten  degrees  in  width ;  but  the  last  and  best 
determination,  the  result  of  a  new  process  invented  by  the  Astro- 
nomer Royal,  and  applied  (under  the  able  superintendence  of  Mr. 
Dunkin,  of  the  Greenwich  Observatory)  to  no  less  than  1167  stars^ 
lies  within  three  degrees  of  the  spot  which  Herschel  pointed  to 
nearly  a  century  ago. 

It  is  easy  to  recognize  the  justice  of  the  principle  on  which  Sir 
William  Herschel  proceeded ;  and  the  subject  is  so  intimately  asso- 
ciated with  that  which  I  am  about  to  discuss,  that  a  brief  sketch 
of  his  mode  of  dealing  with  the  solar  motion  will  not  be  out  of 
place  here. 

The  only  evidence  we  can  have  respecting  the  movements  of 
the  Sun  is  that  to  be  derived  from  the  apparent  motions  of  th& 
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objects  which  surround  him.  There  is  no  irregularity  in  his  stately 
progress  through  space  to  enforce  upon  us  who  move  with  him 
the  fact  that  he  is  not  at  rest.  But  the  stars  which  lie  on  all  sides 
around  his  path,  must  be  affected  with  apparent  motions  unless 
they  travel  with  him,  not  only  in  the  same  direction,  but  at  equal 
speed.  To  the  unaided  eye  no  signs  of  stellar  motion  are  apparent. 
There  are  not,  indeed,  ten  stars  in  the  heavens  whose  motion  in  a 
thousand  years  would  cover  an  arc  that  the  naked  eye  could 
estimate.  But  the  skilfully  constructed  instruments  in  use  in 
modern  observatories  enable  the  astronomer  to  measure  even  the 
seemingly  evanescent  movements  of  the  so-called  fixed  stars.  In 
ten  years,  or  in  twenty,  no  change  of  position  may  be  apparent, 
but,  when  the  observations  of  our  day  come  to  be  compared  with 
those  which  were  made  a  hundred  years  ago,  the  traces  of  stellar 
motion  become  in  many  instances  unmistakeable. 

But  here  one  point  is  to  be  noticed.  A  star's  change  of  place, 
even  in  long  intervals  of  time,  is  often  so  minute  that  instrumental 
errors  may  mask  it.  Instrumental  errors  may  do  worse,  however  : 
they  may  unduly  magnify  the  star's  proper  motion,  or  seem  to 
give  proper  motion  to  a  star  which  in  reality  has  none.  An  illustra- 
tion will  serve  to  give  the  reader  some  idea  of  the  delicacy  of 
observation  required  for  the  determination  of  stellar  movements. 
Every  one  knows  the  seven  bright  stars  of  the  Great  Bear.  They 
form  a  group  called  by  some  the  Butcher's  Cleaver,  by  others 
Charles's  Wain.  Now,  if  any  one  looks  carefully  at  the  middle  star 
of  the  bear's  tail,  he  will  notice  very  close  to  it  a  tiny  star.*  The 
distance  separating  the  bright  star  from  its  companion  seems  very 
small  indeed ;  yet  a  star  would  be  thought  to  have  an  unusually 
large  proper  motion  which  should  traverse  in  a  hundred  years 
one-tenth  of  this  tiny  space. 

The  result  of  this  is,  that  the  less  perfect  our  observations  are, 
the  larger  do  the  stellar  motions  appear  to  be.  A  careless  observa- 
tion at  one  or  other  end  of  the  long  interval  of  time  made  use  of, 
will  cause  a  star  to  simulate  a  proper  motion  altogether  dispropor- 
tionate to  its  real  movement  on  the  celestial  sphere.  I  am  not 
theorizing,  be  it  understood,  on  this  point.  The  fact  has  been 
well  established.  I  think  it  was  Argelander  who  remarked  that 
the  best  proof  of  the  value  of  a  new  catalogue  of  stars  is  the  extent 
to  which  it  reduces  former  estimates  of  the  stellar  proper  motions. 
I  have  a  proof  of  this  immediately  at  my  hand.     I  open  the  pages 

*  The  Arabs  called  this  star  "  the   rider,"  and  the  power  of  discerDing  it  was 
among  them  a  recognized  test  of  sharpness  of  Tision;  but  now  it  is  yery  easily  seen. 
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of  the  celebrated  '^  Star  Catalogue  of  the  British  Association,"  and, 
running  my  eye  down  a  column  of  proper  motion^s,  I  select  the  ten 
largest.  I  find  that  out  of  the  ten  stars  thus  conspicuous  for  large 
proper  motions,  no  less  th^n  seven  belong  to  the  southern  heavens, 
or,  in  other  words,  to  the  part  of  the  celestial  sphere  which  has 
been  least  carefully  surveyed.     The  inference  is  obvious. 

Now,  Sir  William  Herschel  felt  that  if  he  made  use  of  assigned 
proper  motions  which  were  in  reaUty  due  to  carelessness  of  obser- 
vation, the  result  would  be  vitiated.  He  saw  that  to  multiply  the 
number  of  stars  he  considered  was  to  multiply  the  chances  of  an 
erroneous  determination.  Nay,  if  the  proper  motions  of  ten  stars 
could  be  trusted,  and  a  hundred  doubtful  proper  motions  were  dealt 
with  at  the  same  time,  it  was  all  but  certain  that  no  satisfactory 
result  could  be  obtained,     Mayer's  failure  served  to  prove  this. 

What  Herschel  did  then  was  to  select  only  those  proper  motions 
which  by  their  exceptional  magnitude  were  safe  from  the  influence 
of  observational  errors.  To  a  few  of  these  he  trusted,  paying  no 
attention  whatever  to  doubtful  proper  motions.  The  result  was 
that  he  succeeded  where  Mayer,  after  much  more  labour,  had 
signally  failed.  Like  a  master-bowman  Herschel  seemed  to  aim 
-carelessly  at  the  mark,  yet  struck  it  fair  and  full. 

But  even  as  Herschel  saw  the  great  truth  he  sought  to  establish 
shining  clearly  forth  from  amidst  the  gloom  in  which  it  had  hitherto 
been  enshrouded,  he  became  conscious  of  other  great  truths  which 
stood  beside  it.  With  two  of  these  we  are  now  principally  con- 
cerned, and  though  as  yet  science  has  done  little  to  present  either 
of  them  in  their  just  proportions,  yet  we  know  enough  already  to 
believe  that  they  will  hold  a  noble  place  in  the  science  of  future 
ages. 

Our  Sun,  sweeping  ever  onwards  through  space,  tells  us  of  a 
great  law  of  motion  to  which  his  fellow-suns  also  must  be  subject. 
He  is  but  one  among  many,  when  viewed  in  relation  to  the  galactic 
system.  Nay,  it  is  doubtful  even  whether  among  the  Suns  which 
shine  upon  us  from  beyond  the  vast  domain  over  which  our  own 
Sun  bears  sway,  there  be  not  many  which  as  far  surpass  him  in 
magnitude  as  the  giant  members  of  the  solar  scheme — Uranus  and 
Neptune,  Saturn  and  Jupiter — surpass  our  tiny  Earth  and  its  fellows 
among  the  minor  planets.  Nor  is  there  aught  in  the  Sun's  position 
to  lead  us  to  ascribe  to  him  alone  swift  motion  throughout  space* 
That,  as  we  view  the  galaxy,  he  seems  to  occupy  a  central  position 
is  true  enough ;  but  it  is  conceivable  if  not  certain,  that  there  is 
not  a  single  Sun  among  all  the  stars  which  deck  our  skies,  from 
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whicli  the  same  sort  of  scene  is  not  visible,  as  that  which  is  pre- 
sented to  the  inhabitants  of  our  Earth. 

And  this  is  not  all.  The  very  evidence  Sir  William  Herschel 
had  made  use  of  proved  that  our  Sun  is  not  the  sole  moving  star  of 
the  galaxy.  Had  he  been  able,  by  assigning  a  certain  direction  to 
the  Sun^s  motion^  to  have  accounted  for  the  motions  of  all  the  stars 
his  processes  dealt  with,  he  might  then  indeed  have  inferred  the 
possibility  that  those  stars  at  least  are  at  rest.  But  this  was  not 
the  case.  The  direction  he  assigned  to  the  Sun's  motion  was 
that  which  accounted  best  for  the  stars*  motions,  not  that  which 
explained  them  fully.  The  balance  of  motion  which  remained 
unaccounted  for  could  be  explained  only  by  supposing  that  the  stars 
Herschel  had  considered  were  themselves  sweeping  rapidly  through 
space.  This  view  was  directly  involved  in  the  statements  Sir 
William  Herschel  laid  before  the  scientific  world. 

This  was  one  of  the  great  truths  associated  with  Herschel's  noble 
researches ;  and  it  is  the  one  with  which  we  are  here  most  imme- 
diately concerned.  But  there  was  another  which  must  be  considered 
before  we  proceed  to  examine  the  evidence  we  have  respecting  the 
nature  of  the  stars'  proper  motion,  and  particularly  the  evidence 
which  justifies  my  description  of  the  sidereal  movements  as  star- 
drift. 

If  the  Sun  is  moving  now  in  a  definite  direction,  it  can  by  no 
means  be  inferred  that  his  motion  will  always  continue  to  be 
directed  towards  the  same  region  of  spacOi  All  the  analogies  which 
surround  us  teach  us  to  believe  rather  that  his  path  is  of  the  nature 
of  a  gigantic  curve  re-  entering  into  itself  mayhap  like  the  planetary 
orbits,  or  possibly  of  a  complex  figure,  resembling  the  paths  of 
those  comets  which  belong  indeed  to  the  solar  scheme,  but  are 
swayed  continually  into  new  orbits  by  the  attractions  of  the  larger 
planets.  Whichever  of  these  views  is  correct,  it  is  certain  that  the 
part  of  his  path  which  the  Sun  is  at  present  describing,  must  be 
looked  upon  as  a  portion  of  a  gigantic  circle.  For,  no  matter 
what  the  figure  of  an  orbit  may  be,  any  small  portion  of  the  curve 
may  always  be  regarded  as  belonging  to  some  definite  circle.  And 
astronomers  have  set  themselves  to  inquire  into  the  nature  of  the 
vast  circle  on  which,  for  present  purposes,  we  are  to  regard  the  Sun 
as  travelling. 

The  ingenious  German  astronomer  Madler,  by  a  process  of 
inquiry,  which  I  could  not  describe  in  full  without  diagrams,  has 
been  led  to  regard  the  star  Alcyone,  the  '^  brilliant"  of  the  Pleiades, 
as  the  true  centre  of  the  Sun's  motion.     Without  pretending  to 
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render  the  principle  of  his  researches  perfectly  obvious  to  the 
general  reader,  I  may  yet  briefly  state  how  he  has  deduced  a 
conclusion  of  so  much  importance. 

He  argues  that  if  the  galaxy  has  a  centre  within  the  range  of 
the  visible  stars,  a  certain  peculiarity  must  mark  the  motions  of  the 
stars  which  lie  nearer  to  the  centre  than  our  Sun  does.  As  has 
been  already  mentioned,  the  neighbourhood  of  the  centre  of  a 
stellar  system  is  a  scene  of  comparative  rest.  In  the  solar  system 
we  see  the  planets  travelling  faster  and  faster,  the  nearer  they  are 
to  the  great  ruling  centre  of  the  scheme ;  and  the  reason  is  very 
obvious.  The  nearer  a  body  is  to  a  great  centre  of  attraction  like 
the  Sun,  the  greater  is  the  attraction  to  which  it  is  subject,  and  the 
more  rapid  must  its  motion  be  to  enable  it  to  maintain  itself,  so  to 
speak,  against  the  increased  attraction;  but  in  a  vast  scheme  of 
stars  tolerably  uniform  in  magnitude  and  distribution,  the  outside 
of  the  scheme  is  the  region  of  greatest  attraction,  for  there  the 
mass  of  all  the  stars  is  operative  in  one  general  direction.  As 
we  leave  the  outskirts  of  the  scheme,  the  attraction  towards  the 
centre  becomes  counterbalanced  by  attractions  towards  the  circum- 
ference ;  and  at  the  centre  itself  there  is  a  perfect  balance  of  force, 
so  that  a  body  placed  there  would  remain  in  absolute  rest.  It  is 
clear,  then,  that  the  nearer  a  body  is  to  the  centre,  the  more  slowly 
it  will  move.  This  being  so,  all  stars  which  lie  nearer  than  the  Sun 
to  the  centre  must  move  more  slowly  than  the  Sun ;  and  therefore, 
whatever  the  direction  of  their  motion,  they  must  lag  behind  as  seen 
from  the  Sun  I 

So  that  if  we  can  detect,  in  any  part  of  the  heavens,  a  com- 
munity of  motion,  in  a  direction  opposite  to  that  of  the  Sun's 
motion,  we  may  take  it  for  granted  (on  the  assumptions  involved  in 
Madler's  argument)  that  the  centre  of  the  sidereal  scheme  lies  in 
that  part  of  the  heavens. 

Now  Madler  noticed  that,  in  the  constellation  Taurus,  there  is 
such  a  community  of  motion  as  he  had  described ;  and  carefully 
estimating  the  amount  of  motion  observed  among  the  stars  of 
different  orders  of  magnitude,  he  thought  he  saw  reason  for  assigning 
to  Alcyone  a  condition  of  absolute  rest. 

Here,  then,  if  his  assumptions  were  correct,  we  were  to  recog- 
nize the  central  orb  of  the  sidereal  scheme ;  not,  indeed,  the  central 
orb  in  the  sense  in  which  our  Sun  is  the  central  orb  of  the  solar 
scheme ;  not  a  globe  which,  by  its  magnitude,  could  be  held  to 
sway  the  motions  of  all  the  stars  which  lie  around  it.  Alcyone, 
according  to  Madler's  theory,  is  simply  the  star  which  occupies  the 
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centre  of  the  sidereal  scheme^  bnt  without  rale  or  governance  over 
its  fellow-stars. 

These  speculations  of  Madler's  form,  I  believe,  the  sole  attempt 
which  has  yet  been  made  to  co-ordinate  the  motions  of  the  stars 
into  one  systematic  whole.  They  have  not  been  looked  upon  as 
successfalj  nor  has  the  consideration  of  the  subject  led  astronomers 
to  believe  that  the  problem  Madler  attacked  is  one  which  can  be 
mastered  in  the  present  state  of  our  knowledge. 

The  objections  which  have  been  urged  against  Madler^s  specu- 
lations  are  too  numerous  and  important  to  be  overlooked.  In  the 
first  place,  his  assumption  that  there  is  a  centlral  orb  within  the 
range  of  the  visible  stars,  is  one  which  is  at  present  wholly  inad- 
missible. There  is  nothing  in  the  appearance  of  the  heavens  to 
lead  us  to  suppose  that  the  centre  of  the  sidereal  scheme  is  in  our 
neighbourhood  (so  to  speak).  Bather  we  should  be  led,  as  the 
celebrated  German  astronomer,  Struve,  long  since  pointed  out,  io 
regard  the  distance  which  separates  the  Sun  from  the  faintest  of  the 
lucid  stars  as  altogether  evanescent  in  comparison  with  the  Sun's  dis- 
placement from  the  centre  of  the  galaxy.  Again,  Madler's  mode  of 
treating  the  question  involved  the  supposition  that  all  the  stars 
travel  in  almost  circular  paths  around  the  centre  of  the  sidereal 
scheme,  since  any  great  eccentricity  in  their  orbital  motions  would, 
involve  a  total  change  in  the  character  of  their  motion  at  definite 
distances  from  the  centre.  Then  he  assumed  a  knowledge,  on  our 
part,  of  the  distances  of  stars  of  difierent  degrees  of  brightness, 
which  was  altogether  more  exact  than  any  we  can  really  pretend  to- 
possess.  These  and  other  considerations  have  led  all  the  most 
eminent  of  our  modem  astronomers  to  look  upon  Madler's  hypo- 
thesis as  one  which,  in  the  present  state  of  our  knowledge,  we  have 
no  right  to  look  upon  with  favour. 

To  these  arguments  I  am  able  to  add  another  which  has  hitherto^ 
I  beUeve,  escaped  notice, — the  fact,  namely,  that  the  community  of 
motion  which  Madler  noticed  in  Taurus,  and  which  he  supposed  to  be 
exceptional,  is  in  reality  a  feature  commonly  to  be  met  with  among 
the  stars,  and  is,  in  fact,  simply  an  illustration  of  that  peculiarity 
which  I  have  ventured  to  designate  by  the  name  of  ^'  star-drift.'^ 

Let  us  return,  however,  to  the  stellar  motions  which  the  searching" 
eye  of  Sir  William  Herschel  had  detected  at  an  early  stage  of  the 
inquiry. 

As  the  apparent  motions  of  the  stars  were  examined  with  greater 
and  greater  care,  it  became  more  and  more  evident  that  every  star 
is  rushing  swiftly  through  space ;  for,  although  every  fresh  deter- 
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mination  of  the  nature  of  the  Sun^s  motion  showed  a  general  agree- 
ment with  HerschePs  result^  yet  there  was  a  sufficient  divergence 
to  prove  that  some  causes  other  than  variations  in  the  method  of 
calculation  are  at  work  in  causing  the  discordance. 

But  it  is  only  in  comparatively  recent  times  that  it  has  been 
shown  demonstratively,  how  largely  the  apparent  motions  of  the 
stars  are  due  to  the  real  movements  of  these  bodies  in  space.  The 
Astronomer  Royal  commenced,  in  1859,  a  process  of  inquiry  which 
was  at  once  more  rigid  and  more  complete  than  any  which  had 
hitherto  been  applied  to  the  subject.  The  principle  of  the  new 
mode  of  inquiry  wtis  remarkably  simple.  Mr.  Airy  argued  that,  if 
we  are  to  obtain  a  really  conclusive  answer  to  the  great  question  of 
the  Sun^s  motion  in  space,  we  must  remember  that  the  stellar 
motions,  though  apparently  taking  place  upon  the  celestial  sphere, 
have  really  no  relation  at  all  to  that  imaginary  surface.  We  must 
look  upon  them,  he  said,  as  taking  place  in  reality  in  space,  and 
apply  to  them  the  mathematical  processes  which  result  from  that 
consideration.  It  need  hardly  be  said  that,  as  we  know  nothing  of 
the  motions  of  recess  or  approach  which  stars  may  have — though 
the  spectroscope,  in  the  able  hands  of  Mr.  Huggins,  promises  soon 
to  remove  that  defect  in  our  knowledge — ^the  whole  question  becomes 
one  of  probabilities.  But  we  can  deal  mathematically  with  proba- 
bilities of  this  sort,  and  thus  deduce  from  a  number  of  observed 
relations,  whose  actual  significance  is  uncertain,  the  result  which  is^ 
mathematically  the  most  probable.  This  was  the  problem  which 
Airy  solved,  and  it  cannot  be  doubted  that  the  solution  of  a  problem 
so  complex  and  perplexing  is  one  of  the  most  notable  triumphs 
which  modem  astronomy  has  achieved. 

With  the  solution  of  this  problem,  however,  came  several 
unlooked-for  difficulties. 

The  point  towards  which  the  Sun  was  found  to  be  moving, 
accorded  most  satisfactorily  with  the  results  which  had  been  obtained 
by  other  modes.  The  rate  assigned  to  the  solar  motion  was  also  in 
close  accordance  with  that  which  the  younger  Struve  had  obtained 
by  a  different  process.  I  may  mention  in  passing  what  this  rate  is, 
because  it  is  important  that  we  should  have  clear  uotions  respecting 
the  amount  of  motion  which  we  may  look  for  among  the  members 
of  the  sidereal  system.  It  appears,  then,  from  the  researches  of 
Otto  Struve  on  the  one  part,  and  those  of  the  Astronomer  Eoyal  and 
Mr.  Dunkin  on  the  other,  that  the  Sun  is  moving  at  the  rate  of 
about  a  hundred  and  fifty  millions  of  miles  per  annum.  Although 
this   velocity  seems    enormous,  it   is  in  reality  smaller  than   the 
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velocities  we  notice  in  many  parts  of  the  solar  system.  Our  own 
Earth  moves  more  than  three  times  as  fast  in  her  orbit,  as  the  Sun 
on  his  path  through  space.  Indeed,  the  diameter  of  the  Earth's 
orbit  is  thirty  millions  of  miles  greater  than  the  distance  annually 
traversed  by  the  Sun.* 

So  far  the  results  of  the  Astronomer  RoyaFs  researches  were  in 
close  accordance  with  the  views  already  entertained  by  astronomers. 
But  in  the  progress  of  the  inquiry  certain  processes  had  been 
performed  upon  the  tabulated  proper  motions  of  the  stars,  which 
rendered  it  easy  to  apply  an  interesting  test  to  the  theory  of  the 
Sun's  motion,  or  rather  to  the  power  which  that  theory  may  have  of 
accounting  for  the  stellar  motions.  It  was  possible  in  fact  to  apply 
the  effect  due  to  the  Sun's  motion  in  space,  as  a  correction  to  the 
stellar  movements.  It  seemed  clear  that  if  this  were  done,  the 
result  should  be  that  the  total  amount  of  apparent  motion  would  be 
largely  diminished.  If  a  person  is  moving  rapidly  amidst  a  crowd 
of  moving  persons,  the  appearance  of  movement  in  the  crowd  is  in 
.^general  much  more  striking  than  it  becomes  when  he  stands  still ; 
And  what  the  Astronomer  Royal  was  really  doing — or  rather  what  he 
^was  theoretically  doing — was  to  make  the  stars'  motions  such  as 
ithey  would  be  if  the  Sun  were  suddenly  reduced  to  rest. 

But  the    result   of  these    processes  was   not  that  which  the 
Astronomer  Royal  had  looked  for.     The  stellar  apparent  motions, 
-instead  of  being  considerably  reduced  by  the  change,  remained  very 
aiearly  as  large  as  they  were  before. 

Speaking  of  this  result  nearly  a  year  after  the  Astronomer  Royal's 
labours  had  been  published,  Mr.  Main,  then  President  of  the  Royal 
Astronomical  Society,  remarked  that  '^  the  inevitable  logical  infer- 
ence deducible  from  Mr.  Airy's  researches,  is  that  the  whole  question 
of  solar  motion  in  space,  so  far,  at  least,  as  accounting  for  the 
proper  motions  of  the  stars  is  concerned,  appears  to  remain  in 

*  The  peculiarity  of  the  Earth's  real  motion  in  spaoe,  when  her  orbital  motion  is 
combined  with  the  Sun's  progressive  motion,  has  proved  a  source  of  strange  difficulty  to 
man  J  persons,  ever  since  Sir  William  Herschel  announced  his  solution  of  the  problem  of 
the  Sun's  motion.  Although  Newton  had  provided  for  the  possibility  of  the  Sun's 
motion,  many  imagine  that  the  Newtonian  theory  of  gravitation,  and  the  Ck>pernican 
theory  itself  are  endangered  by  the  complexities  thus  introduced  into  the  solar  system. 
It  need  hardly  be  said  that  the  question  of  the  path  actually  pursued  by  the  Earth  in 
space  is  merely  one  of  curiosity,  the  orbital  motions  of  the  Earth  being  absolutely 
unaffected  by  the  progressive  motion  which  she  shares  with  the  Sun«  As  a  matter  of 
fact,  it  is  worth  mentioning  that  the  Earth's  path  in  space  resembles  the  thread  of  a  screw 
having  a  skew  axis — the  direction  of  the  Sun's  motion  being  inclined  about  fifty-four 
degrees  to  the  plane  of  the  Earth's  orbit. 
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donbt  and  abeyance."  It  must  be  nnderstood,  however,  that  the 
doubts  here  expressed  by  no  means  rest  upon  the  fact  of  the  Sun^s 
motion.  We  are  forced  to  believe  that  some  of  the  assumptions 
upon  which  we  had  been  proceeding  with  confidence,  are  more  than 
questionable.  It  may  be,  for  example,  that  our  ideas  of  the  stellar 
distances  require  to  be  modified.  Or  again,  it  may  be  that  the 
stars  are  not  moving  independently,  but  according  to  some  system 
which  tends  to  falsify  all  the  general  assumptions  we  had  formed  on 
the  hypothesis  that  they  are  independent  Suns  like  our  own.  And, 
again,  there  may  be  laws  of  motion  which  associate  the  stellar  move- 
ments in  a  special  manner,  without  any  actual  association  of  the 
individual  orbs. 

I  was  led  some  time  ago,  by  considerations  wholly  distinct  from 
those  which  I  have  been  dealing  with  above,  to  form  the  opinion  that 
if  the  proper  motions  of  the  stars  were  mapped,  there  would  be 
rendered  apparent  signs  of  association  between  stars  much  farther 
apart  on  the  heavens  than  the  members  of  the  widest  double  or 
multiple  star-systems.  In  the  Student  for  March,  1868,  I  pointed 
to  the  fact  that  associated  proper  motions  would  afford  significant 
evidence  in  favour  of  the  theory  that  the  signs  of  stellar  aggregation 
in  certain  parts  of  the  heavens  are  not  accidental. 

I  therefore  proceeded  to  map  down  the  proper  motions  which 
the  Astronomer  Boyal  had  used  in  his  calculations.  It  need  hardly 
be  said  that  a  map  of  proper  motions  speaks  much  more  intelligibly 
and  clearly  respecting  the  meaning  of  those  motions  than  the 
most  carefully  constructed  table  could  do.  Astronomical  tables 
are  necessarily  arranged  in  such  a  way  that  stars  which  lie  near 
each  other  in  the  heavens  are  often  far  apart  in  the  catalogues. 
It  is  therefore  impossible  to  form  any  clear  conception  of  the  general 
character  of  the  motions  prevailing  in  any  given  region  of  the 
heavens.  When  a  chart  had  been  so  constructed  as  to  exhibit  the 
stellar  motions  to  the  eye,  this  difficulty  was  at  once  removed. 

The  plan  I  adopted  was  to  attach  to  each  star  a  little  arrow, 
whose  direction  and  length  indicated  the  character  and  magni- 
tude of  the  star's  proper  motion.  In  order  that  these  arrows 
might  not  be  too  small,  I  had  to  give  them  the  length  correspond- 
ing to  the  star's  motion  during  a  very  long  interval  of  time- 
For  convenience,  I  made  one  degree  on  the  map  correspond  to  a 
stellar  motion  of  one-tenth  of  a  second ;  the  result  being  that  the 
motions  actually  represented  were  those  which  would  take  place 
in  'the  course  of  36,000  years.  Even  so  magnified,  most  of  the 
motion-arrows  were  inconveniently  minute. 
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The  maps  included  at  first  only  the  1167  stars  dealt  with  by  the 
Astronomer  Royal,  but  I  subsequently  added  upwards  of  400  stars, 
whose  proper  motions  had  been  calculated  by  Mr,  Stone,  of  the 
Greenwich  Observatory,  from  observafcions  as  trustworthy  (having, 
in  fact,  been  made  by  the  same  observers)  as  those  which  Mr.  Main 
had  used  in  preparing  the  catalogue  of  1167  stars. 

The  maps,  which  I  have  before  me  as  I  write,  fully  justify  the 
term  ''  star-drift,'^  which  I  have  applied  to  the  stellar  proper 
motions. 

Remembering  that  the  stars  which  are  visible  to  us  lie  at  very 
difierent  distances,  we  see  that  if  a  real  star-group  exists  in  space, 
with  real  dimensions  which  cause  it  to  appear  to  cover  a  widely- 
extended  region  of  the  heavens,  we  must  expect  to  find  that  other 
stars  in  the  same  region  do  not  belong  to  the  group.  Not  only  so,, 
but  it  must  be  looked  upon  as  highly  probable  that  the  stars  seen 
in  any  given  direction  may  belong  to  three,  four,  or  more  star- 
groups,  if  the  existence  of  star-groups  is  a  real  fact.  Therefore 
we  might  expect  the  existence  of  star-groups  to  be  more  or  less- 
masked  by  the  effects  which  would  follow  from  their  apparent 
intermixture.  If,  for  instance,  a  general  concurrence  of  proper 
motions  in  a  definite  direction  is  to  be  held  indicative  of  the  fact 
that  the  stars  so  moving  form  a  single  system,  then  we  might 
expect  in  general  to  fail  in  detecting  such  systematic  drift,  on  account 
of  the  perplexities  introduced  by  some  other  drift  belonging  to  & 
set  of  stars  apparently  mixed  up  with  the  former.  And  if  three 
or  more  star-drifts  were  mixed  up  together  in  this  way,  the  problem 
would  become  still  more  perplexing. 

Thus,  all  that  was  to  be  hoped  for  (as  it  seemed),  was  that 
here  and  there  some  sufficiently  well  marked  cases  of  star-drift 
might  not  be  masked  by  the  effect  of  other  motions. 

The  result,  however,  was  more  satisfactory  than  I  had  anticipated. 

In  some  regions  large  groups  of  stars  are  seen  to  be  drifting 
bodily  in  a  definite  direction.  The  most  remarkable  instance  of 
this  sort  occurs  in  the  stars  which  form  the  constellations  Gemini 
and  Cancer.  All  these,  amounting  in  number  to  seventy  or  eighty, 
are  drifting  towards  the  neighbouring  part  of  the  Milky  Way,  with 
the  exception  of  three  stars,  which  seem  to  belong  to  another 
system.  Another  remarkable  instance  is  to  be  found  in  the  stars  of 
the  constellation  Taurus.  This  is  the  instance  of  concurrent  proper 
motions  on  which  Miidler  founded  his  theory  that  Alcyone  is  the 
central  sun  of  our  galaxy.  The  drift  in  this  part  of  the  heavens*  is 
in  a  manner  opposed  to   that  in  Cancer  and  Gemini.     The   two 
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systems  are,  in  fact,  divided  by  the  Milky  'Way,  and  each  seems 
drifting  towards  that  zone. 

More  commonly,  however,  two  or  three  forms  of  star-drift  are 
seen  intermixed  in  the  same  region  of  the  heavens.  And  here  it 
might  seem  difficalt  to  pronounce  whether  in  reality  there  are  any 
associated  movements,  since  it  would  clearly  not  be  impossible  that 
a  mere  chance  distribution  of  motions  might  simulate  a  tendency 
towards  two  or  three  definite  directions.  There  is,  however,  a  cir- 
cumstance which  at  once  serves  to  establish  the  true  significance  of 
the  observed  relations.  If  the  motions  in  one  direction  have^ 
besides,  a  general  agreement  in  respect  of  magnitude ,  we  can  clearly 
assume  with  a  much  greater  degree  of  probability  that  they  indicate 
a  real  drift,  or,  rather,  that  the  stars  they  belong  to  form  a  real 
system.  Nay,  the  mere  fact  that  a  number  of  stars  in  a  given 
region  have  a  very  minute  proper  motion,  while  all  the  rest  have 
large  motions,  would  show  that  the  former  form  a  system  perfectly 
distinct  from  the  latter.  One  instance  will  serve  to  show  the  power 
of  this  new  mode  of  discrimination. 

Of  the  seven  bright  stars  in  the  Great  Bear,  five  are  travelling 
in  a  common  direction  with  uniform  velocity.  The  other  two  are 
travelling  in  another  direction,  and  also  with  a  common  velocity. 
We  cannot  doubt  that  the  first  five,  at  any  rate,  form  a  system^ 
drifting  along  bodily.  For  let  us  sum  up  the  evidence.  First,  we 
have  the  comparatively  weak  evidence  derived  from  the  general 
equality  of  the  five  stars,  a  peculiarity  which  has  in  all  ages  led 
observant  men  to  entertain  the  impression  that  these  stars  are  in 
some  way  associated.  Next,  we  have  the  fact  that  the  five  stars 
are  travelling  in  the  same  apparent  direction,  and  the  significance 
of  this  point  it  is  easy  to  estimate,  because  the  antecedent  proba- 
bility that,  taking  the  direction  of  one  star  of  the  five  as  a  standard 
of  reference,  the  other  four  would  be  found  to  be  travelling  in  the 
same  direction,  is  demonstrably  minute.  Lastly,  we  have  the 
evidence  derived  from  the  equality  of  the  motions  of  the  five  stars, 
and  here  again  the  antecedent  probability  of  the  coincidence  is  so 
minute  as  to  force  upon  us  the  opinion  that  the  actual  coincidence  is 
not  accidental.  The  combination  of  the  three  lines  of  evidence  leads 
to  a  feeling  of  absolute  certainty  that  the  five  stars  are  associated 
into  a  single  scheme  or  system. 

Let  us  pause  for  a  moment  to  contemplate  the  significance  of 
this  result.  One  of  the  stars  of  the  set  of  five  is  the  middle  star 
in  the  tail,  which  I  have  already  referred  to  as  having  a  companion 
visible  to  the  naked  eye.     Now,  it  had  long  since  been  proved  that 
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the  bright  star  and  its  €mall  companion  are  really  connected.  The 
evidence  had  been  no  other  than  that  community  of  proper  motion 
which  I  have  been  dealing  with  in  the  case  of  the  five  stars.  Mizar 
and  Alcor,  then,  were  looked  on  as  a  wide  double,  and  astronomers 
had  contemplated  with  interest  and  amazement  the  wondrous 
cycle  corresponding  to  the  motions  of  stars  separated  in  reality 
by  an  enormous  interval.  For  the  nearest  of  the  stars  in  our 
*  northern  skies  is  more  than  720,000  times  farther  from  us  than  we 
are  from  the  Sun.  Mizar  is  presumably  much  farther  away.  Now, 
whatever  distance  separates  Mizar  from  us,  cannot  be  more  than 
about  240  times  as  great  as  that  which  separates  Alcor  from  Mizar; 
so  that  Alcor  must  be  at  least  3000  times  farther  from  its  primary 
orb  than  we  are  from  the  Sun.  How  enormous,  then,  must  be  the 
period  required  for  the  revolution  of  the  two  stars  around  their 
common  centre  of  gravity  I 

But  this  is  not  all.  Mizar  has  a  close  companion,  as  well  as  its 
distant  companion,  Alcor.  This  close  companion  has  the  same 
proper  motion  as  Alcor  and  Mizar,  and  belongs,  therefore,  to  the 
same  scheme  as  the  other  four  stars.  A  sort  of  dignity  is  thus 
given  to  the  star-system  we  are  considering,  by  the  triplicity  of  one 
of  its  members.  At  present,  however,  we  are  dealing  with  another 
consideration — the  magnitude,  namely,  of  the  cyclic  period  apper- 
taining to  the  scheme.  Now,  the  close  companion  of  Mizar,  though 
undoubtedly  it  is  in  reality  travelling  round  that  star,  moves  yet 
so  slowly  that  no  sign  of  a  change  of  place  has  as  yet  been  detected 
by  astronomers.  Therefore  the  period  of  revolution,  even  for  this 
comparatively  close  pair,  must  be  very  large,  and  Alcor  must 
have  a  very  much  longer  period;  so  that  we  may  accept  with- 
out surprise  Baron  Madler^s  estimate  that  Alcor  occupies  no  less 
than  7659  years  in  travelling  around  Mizar. 

But  what  sort  of  periods  can  we  assign  to  the  cyclic  revolutions 
of  the  five  stars,  when  the  comparatively  close  companions  of  one 
of  the  set  occupy  periods  of  revolution  so  enormous.  Again,  how 
can  we  resolve  the  questions  which  at  once  suggest  themselves 
respecting  the  relations  which  prevail  in  such  a  system.  That  the 
whole  system  revolves  around  its  centre  of  gravity  is  of  course 
certain.  But  there  are  numberless  ways  in  which  the  revolution  may 
take  place,  depending  on  the  relations  between  the  weight  and 
magnitude  of  the  difierent  orbs  forming  the  system.  Any  two  of 
the  five  may  really  form  a  pair,  any  three  may  form  a  triplet.  We 
cannot  tell  where  the  centre  of  gravity  of  the  scheme  may  be.  We 
have  no  knowledge  of  the  true  relative  positions  of  the  five  orbs. 
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We  cannot  guess  what  the  real  direction  of  their  orbital  motions 
may  be.     We  are,  in  fact,  altogether  in  doubt  on  every  subject 
connected  with  the  system,  except  the  main  fact  that  the  whole 
system  has  a  drift  carrying  it  bodily  forwards  at  the  rate  of  many 
millions  of  miles  per  annum.     It  is  in  this  relation  that  the  appear- 
toce  of  such  systems  as  these  in   the   heavens,  seems  to  me  so 
interesting — ^I  may  almost  say,  so  imposing  a  phenomenon.     The 
life  of  man  is  a  period  too  short  to  tell  us  anything  even  of  the 
subordinate  motions  of  such  a  scheme, — ^the  motion  of  Mizar's  com- 
panion about  its  primary,  or  of  Alcor  about  both ;  but  the  duration 
of  the  human  race,  nay,  of  the  solar  system  itself,  may  be  out- 
lasted by  a  single  revolution  of  the  great  star-system  placed  out 
yonder  in   the  celestial   depths.      From   the  far-off  times  of  the 
ChaldaBan  shepherds  the  great  Septentrion  star-system  has  looked 
down  with  seemingly  unchanging  aspect  on  the  rise  and  fall  of 
many  nations  and  races  of  men.     When  the  human  race  has  perished 
from  this  globe,  when  the  earth  has  become  what  the  moon  now  is, 
a  scene  of  utter  barrenness  and  desolation,  the  star-system  will 
doubtless  have  exhibited  many  changes.     But  only  when  millions  of 
SBons  have  passed,  and  the  earth  is  nearing  the  scene  of  its  final 
absorption  beneath  the  solar  oceans,  will  the  stately  motions  of  the 
star-system  have  begun  to  work  out  the  full  series  of  cyclic  changes 
appertaining  to  a  scheme  so  extensive  and  so  complicated. 

But  the  star-drift  in  Ursa  Major  is  only  one  instance  out  of 
many.  Looking  more  closely  than  we  have  yet  done  into  the 
sidereal  scheme  of  which  pur  Sun  is  a  member,  we  see  it  breaking 
up  into  subordinate  star-systems  of  greater  or  less  extent.  Our 
Sun  himself  may  not  be  a  solitary  star  as  has  been  commonly 
supposed.  From  among  the  orbs  which  deck  our  skies,  there  may 
be  some  which  are  our  Sun's  companions  on  his  path  through  space, 
though  countless  ages  perhaps  must  pass  before  the  signs  of  such 
companionship  will  be  rendered  discernible.  On  every  side  we  see 
drifting  star-schemes,  and  comparatively  few  stars  are  to  be  recog- 
nized as  voyaging  in  solitary  state  through  space.  From  the 
complexity  of  such  systems  as  we  see  in  Gemini  and  Cancer,  to 
schemes  such  as  the  one  in  Ursa  Major,  and  thence  to  solitary  stars 
such  as  Arcturus  and  Sirius  appear  to  be,  we  recognize  a  number 
of  gradations,  and  it  yet  remains  to  be  determined  to  what  class  of 
these  schemes  our  Sun  belongs. 

Verily  much  remains  to  bo  learned  respecting  our  galaxy.  Since 
the  days  of  Sir  W.  Herschel,  or  rather  since  the  younger  Herschel 
completed  the  noble  series  of  labours  commenced  by  his  father,  a 
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sort  of  rest  has  fallen  upon  astronomy^  so  far  as  tlie  science  deals 
with  the  relations  of  the  great  sidereal  system.     But  there  is  room 
for  much  new  labour  in  this  wide  field  of  research.     The  Herschels 
dealt  with  generalities.     They  discussed  the  galaxy  as  a  whole^  and 
it  was  no  part  of  their  work  to  examine  into  the  details  of  the 
stellar  scheme.     The  work  they  took  in  hand  to  do  they  accom- 
plished with  marvellous  success^  insomuch  that  they  have  left  little 
for  others  to  accomplish  in  the  same  direction.     But  it  would  be  a 
mistake  to  renew  the  Herschelian  mode  of  inquiry — to  continue  to 
neglect  details  and  consider  only  the  grander  features  of  the  galaxy. 
The  work  of  survey  has  been  completed.     In  examining,  part  by 
part,  the  field  which  has  been  plotted  out  for  us^  we  must  adopt 
new  {principles  for  our  guidance.     To  deal,  now,  with  generalities 
alone,  as  the  Herschels  did,  would  be  to  destroy  those  scarcely 
recognisable  indications  which  can  alone  guide  us  to  new  knowledge. 
We  must  in  future  examine  the  sidereal  scheme  detail  by  detail, 
feature  by  feature.     The  work  will  not  be  light,  and  many  workers 
will  be  wanted.     But  the  result  will  be  worth  the  toil.     Not  in  our 
day,  perhaps  not  for  many  generations,  may  the  fruits   of  such 
labours  be  reaped.     But  gradually  astronomy  will  gather  in  her 
harvest,  and  when  it  is  garnered,  the  rich  reward  of  many  years  of 
toil  will  be  found  in  a  clear  knowledge  of  the  relations  presented  by 
the  wondrous  galaxy  to  which  our  Sun  belongs. 
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THE  SAEGASSO  SEA,  AND  ITS  INHABITANTS, 

BY   CUTHBBBT   COLLINGWOOD,   M.A.,   P.L.S.,    ETC. 

(WUh  a  Flate.) 

Amonq  the  many  remarkable  phenomena  connected  with  the  Gulf 
Stream,  not  the  least  remarkable  is  the  existence  of  those  yast 
floating  meadows  of  sea-weed,  commonly  known  as  the  golf- weed, 
or  Sargassumj  whose  accumulations,  within  certain  parallels  of 
latitude  and  longitude,  have  given  to  that  area,  the  name  of  the 
Sargasso  Sea,  These  marine  prairies,  as  they  have  been  called, 
have  attracted  the  notice  of  all  navigators  since  the  time  of 
Columbus,  who,  in  his  first  voyage,  received  his  earliest  check, 
upon  falling  in  with  them.  The  great  pioneer  entered  the  Sargasso 
Sea  in  lat.  26°  N.,  and  long.  48°  W.,  and  his  timid  shipmates  at 
once  took  fright  at  the  marvellous  appearance,  feeling  assured  that 
their  ships  would  be  entangled  in  the  weed,  until  they  were  starved 
to  death,*  or  that  they  were  about  to  strike  on  some  unknown 
coast.  In  this  part,  he  says,  '^  the  sea  was  covered  with  such  a 
quantity  of  sea- weed,  like  little  branches  of  the  fir  trees  which  bear 
the  pistachio  nuts,  that  we  believed  the  ships  would  run  aground 
for  want  of  water  .'^  They  could  not  understand  how  such  vast 
quantities  of  vegetation  could  merely  float  on  the  surface,  and 
the  appearance  of  a  lobster  among  the  weed,  confirmed  their  fears 
— ^and  deeming  it  necessary  that  they  must  be  either  in,  or  ap- 
proaching, shoal  water,  they  entreated  the  heroic  discoverer  to  turn 
the  ship's  head.  But,  happily,  he  never  wavered,  and  on  the  tropic, 
in  long.  66°,  the  first  vessel  which  had  ever  entered  the  Sargasso 
Sea,  emerged  again  into  clear  water. 

The  extent  of  the  Sargasso  Sea  is  in  due  proportion  to  the  vast 
natural  agency  to  which  it  primarily  owes  its  existence.  It 
stretches  from  20°  to  about  65°  West  longitude,  and  between  the 
parallels  of  20°  and  45°  is  of  considerable  width,  narrowing  from 
12°  in  its  widest  part,  to  about  4°  or  5°  where  least  developed; 
while  the  remaining  20°  of  westerly  extent,  takes  the  form  of  a 
narrow  belt  of  various  detached  tracts,  influenced  as  to  situation, 
by  local  currents,  and  averaging  4°  or  5°  only  in  width.  An  idea 
may  be  obtained  of  its  area,  by  the  comparison  of  Maury,  who 
states  that  it  is  equal  to  the  great  valley  of  the  Mississippi ;  or  still 
better,  perhaps,  from  Humboldt^s  estimate,  that  it  was  about  six 
times  as  large  as  the  Germany  of  his  day. 

But,  although  the  geographical  boundaries  given  above  are 
those  usually  recognized  by  hydrographers  for  the  Sargasso  Sea,  it 
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must  not  be  supposed  that  they  are  invariable.  The  writer  first 
encountered  it  in  lat.  24°  N.,  and  long.  36^°  W.  on  July  1st,  and 
lost  it  a  week  after,  in  lat.  35°,  long.  84°,  so  that  the  whole  area 
was  nearly  5°  further  north  than  it  is  usually  placed  in  the  maps. 
It  may,  however,  be  correctly  stated,  that  it  occupies  the  great 
sweep  made  by  the  Azores,  Canaries,  and  Cape  de  Verd  Islands,  in 
the  East;  while  the  elongated  westerly  belt,  extends  as  far  as 
between  the  Bermudas  and  West  India  Islands. 

The  earlier  navigators  often  found  the  gulf-weed  a  serious 
impediment  to  their  progress.  Lasrius  mentions  that  for  fifteen 
continuous  days  he  passed  through  one  unbroken  meadow  (Prade^ 
Has  de  yerva,  or  sea- weed  prairies,  as  Oviedo  characteristically  calls 
them),  so  that  he  could  find  no  way  through  for  oars.  On  certain 
occasions  it  has  been  found  that  the  speed  of  vessels  through  the 
Sargasso  Sea  has  been  materially  retarded;  and  it  has  been 
described  as  so  thick,  that  to  the  eye,  at  a  little  distance,  it  appears 
to  be  substantial  enough  to  walk  upon.  James  Barbot,  Jun., 
voyaging  to  India  in  the  year  1700,  says: — "Twenty  or  twenty- 
five  leagues  west  of  Cabo  Branco,  we  often  see  the  ocean  almost 
all  over  covered  with  a  certain  weed  of  a  yellow-green  colour,  called 
Sargasso,  resembling  that  which  grows  in  our  wells,  or  samphire, 
bearing  a  sort  of  seed  at  the  extremities,  which  have  neither 
substance  nor  savour.  No  man  can  tell  where  these  weeds  take 
root,  the  ocean  being  there  so  deep ;  they  are  also  seen  thus  fioating 
on  its  surface,  sixty  leagues  to  the  westward  of  the  coast  of  Africa, 
for  the  space  of  forty  or  fifty  leagues,  and  so  close  and  thick  to- 
gether in  some  places,  that  a  ship  requires  a  very  fresh  gale  of  wind 
to  make  her  way  through ;  and,  therefore,  we  are  very  cautious  to 
avoid  them  in  our  course.^' 

That  this  is  not  the  condition  met  with  under  all  circumstances, 
is  proved  by  the  fact  that  passing  through  this  region  in  1867,  the 
writer  made  a  seven  days*  voyage  through  its  central  portion, 
during  which  the  sea  was  at  no  time  covered  with  the  weed,  so  as 
to  form  a  continuous  meadow.  It  made  its  appearance  usually  in 
large  patches,  generally  upon  the  surface,  but  sometimes  apparently 
sunk  to  some  distance  below  it.  It  varied  considerably  in  appear- 
ance— was  sometimes  dark-coloured,  dense,  and  compact,  and 
covered  with  berries;  at  others,  pale  and  attenuated,  with  few 
berries.  The  masses,  on  some  days,  were  round  and  shapely,  and 
usually  scattered  somewhat  indiscriminately  over  the  surface  of  the 
sea.  Occasionally  only  a  few  small  tufts  appeared  for  many  hours  ; 
and  on  one  day  the  only  sign  of  its  presence  was  a  long  narrow 
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streak,  extending  across  the  pcean  as  far  as  the  eye  could  reach,  in 
the  direction  of  the  wind.  The  fact,  indeed,  is  that  the  Sargasso 
Sea,  dependent  as  it  is  upon  a  great  physical  phenomenon,  changes 
its  position  according  to  the  seasons,  storms,  and  winds ;  its  mean 
position  remaining  the  same  as  it  has  been  ascertained  by  observa- 
tions  during  many  years  past.  The  Gulf  Stream  is  the  great 
power  which  maintains  these  marine  pastures — a  current  whose 
impulse  and  origin,  according  to  Humboldt,  are  to  be  sought  to  the 
south  of  the  Cape  of  Good  Hope — after  a  long  circuit  it  pours  itself 
from  the  Caribbean  Sea  and  the  Mexican  Gulf,  through  the  Straits 
of  the  Bahamas,  and  following  a  course  from  south-south-west  to 
north-north-east,  continues  to  recede  from  the  shores  of  the  United 
States,  until  further  deflected  to  the  eastward  by  the  banks  of 
Newfoundland,  it  approaches  the  European  coast.  At  the  point 
where  the  Gulf  Stream  is  deflected  from  the  banks  of  Newfoundland 
towards  the  East,  it  sends  off  branches  to  the  south  near  the 
Azores.     This  is  the  situation  of  the  Sargasso  Sea. 

Patches  of  the  weed  are  always  to  be  seen  floating  along  the 
outer  edge  of  the  Gulf  Stream.  Now,  if  bits  of  cork,  or  chaff,  or 
any  floating  substance,  says  Capt.  Maury,  be  pat  in  a  basin,  and  a 
circular  motion  be  given  to  the  water,  all  the  light  substances  will 
be  found  crowding  together  near  the  centre  of  the  pool,  where  there 
is  the  least  motion.  Just  such  a  basin  is  the  Atlantic  Ocean  to  the 
Gulf  Stream ;  and  the  Sargasso  Sea  is  the  centre  of  the  whirl. 

The  Gulf- weed  itself  has  so  peculiar  a  history,  that  it  forms  not 
the  least  remarkable  point  of  interest  in  the  description  of  the  Sar- 
gasso Sea.  It  is  one  of  the  numerous  species  of  the  genus  Sargas- 
sum,  which  is  among  the  most  natural  and  readily  distinguished 
genera  of  the  family  of  Fucaceae. 

The  great  cryptogamist,  Agardh,  enumerates  sixty-two  species 
of  Sargassum,  of  which  the  one  concerning  which  we  are  speaking 
is  the  Sargassum  bacciferum,  called  Fucus  natans  by  Linnaeus,  and 
Fucus  sargasso,  by  Gmelin.  The  Spanish  word  Sargazo,  or 
Sarga90,  meaning  sea-weed,  supplies  its  common  English  name. 
Agardh^s  botanical  description  is  brief,  and  as  follows : — "  8.  harci- 
ferum  : — Caule  tereti  ramosissimo,  foliis  linearibus  serratis,  vesiculis 
sphaericis  mucronatis,  petiolis  teretibus/'  A  more  modern,  and 
English  technical  description  of  the  Sargassum,  is  the  following : — 

Sargassum. — Frond  furnished  with  distinct,  stalked,  nerved 
leaves ;  and  simple  axillary  stalked  air-vessels.  Receptacles  small, 
linear,  tuberculated ;  mostly  in  axillary  clusters,  or  racemes.  Seeds 
in  distinct  cells. 
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The  integument  is  leathery,  and  the  general  colour  brown,  of 
varying  shades^  sometimes  light,  and  sometimes  dark.  The  most 
striking  peculiarity,  on  a  cursory  view,  is  the  abundance  of  globular 
cells,  which  have  been  taken  by  the  unlearned  for  fruit,  but  which 
are  in  reality  merely  receptacles  of  air,  by  means  of  which  the  plant 
not  only  floats  upon  the  surface  of  the  ocean,  but  also  is  enabled  to 
support  vast  numbers  of  marine  animals,  which  find  shelter  among 
its  tangled  fronds.  Columbus,  the  first  discoverer  of  the  Sargasso 
Sea,  described  the  meadows  as  yellow,  like  dry  hay-seed,  bearing 
leaves  of  common  rue,  with  numerous  berries  which  turn  black  in 
drying,  like  juniper  berries.  These  berries  have  received  the  name 
of  raisins  de  tropique. 

The  species  of  Sargassum  only  grow  where  the  temperature 
is  considerable,  but  they  have  a  very  wide  distribution.  Dampier 
says  that  he  observed  plants  of  it  near  the  coast  of  New  Holland  • 
but  they  may  have  been  an  allied  species.  Agardh,  however, 
speaks  of  it  as  inhabiting  the  Atlantic,  Pacific,  and  Indian 
oceans.  Sea-weeds  in  general  have  no  particular  geographical 
limits,  but  when  a  comparatively  shallow  sea  ofiers  conditions  for 
their  growth,  the  degree  of  exposure  to  hght,  and  the  greater  or 
less  motion  of  the  waves,  are  very  important  elements  in  their 
distribution.  Again,  the  depth  of  sea  has  with  sea-weeds  an 
effect  parallel  with  that  which  the  height  of  mountain  sides  has 
upon  land  plants — and  the  sea- weed  we  have  to  do  with  is  confined 
to  the  surface  of  the  ocean,  and  has  its  head-quarters  in  the  tropical 
Atlantic.  It  is  not  wonderful,  therefore,  that  plants  of  it  are 
occasionally  washed  upon  our  own  shores,  although  we  can  scarcely 
reckon  it  as  a  British  sea- weed.  It  is  not,  moreover,  altogether  an 
useless  weed,  for  it  is  said  to  be  eaten  in  China,  and  to  be  used  as 
a  pickle,  and  in  salads,  in  some  parts  of  the  East.  The  quantity  of 
soda  it  contains,  in  common  with  other  sea-weeds,  renders  it  useful 
as  a  manure ;  and  it  is  even  in  repute  as  a  medicine  in  some 
countries,  and  among  certain  classes.  Thus,  in  South  America  it 
is  used  as  a  remedy  against  strangury  and  some  tumours,  as 
Sargassum  vulgare  is  used  in  calculus ;  and  Bumphius  relates  that 
the  German  and  Portuguese  sailors  are  accustomed  to  use  it  for  the 
same  purpose,  first  macerating  it  in  water,  then  boiling  it  and 
drinking  the  infasion. 

There  is  one  point  in  the  natural  history  of  the  Sargassum,  which 
has  already  been  passingly  alluded  to,  but  which  has  excited  the 
attention  of  all  observers,  and  more  particularly  of  botanists.  It  is 
the  fact  that  the  Sargassum  is  always  found  floating  upon  the  deep 
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sea^  and  is  jet  destitute  of  any  apparent  means  of  propagation. 
Agardh  remarked  that  no  frait  nor  root  could  bo  detected;  and 
expressed  his  belief  that  it  grew  in  the  depths  of  the  ocean^  and  was 
torn  up  by  the  waves.  This  belief  was  very  general  at  one  time, 
and  it  was  supposed  that  the  perfect  plant  was  unknown ;  but  that 
the  Gulf  Stream  collected  together  the  torn-off  masses  of  its 
vesicular  summits.  Bumphius  suggested  *  that  the  Sargassum  fed 
upon  the  fat  exhalations  and  oily  effluvia  of  dead  fish,  and  other 
organic  substances  entangled  in  it.  Even  modern  publications 
state  that  there  is  reason  to  think  that  it  is  first  attached  to  the 
bottom  of  comparatively  shallow  parts  of  the  sea;  but  the  gulf- 
weed  is  never  found  so  attached.  It  always  fioats  ;  and  is  healthy 
and  abundant  in  that  condition,  never  exhibiting  any  organs  of 
fructification,  though  constantly  putting  out  new  fronds.  Hum- 
boldt at  first  supported  this  notion  of  the  plant  being  detached  by 
the  Gulf  Stream  from  its  fixed  position  bi  the  Gulf  of  Florida ;  but 
latterly  that  distinguished  philosopher,  guided  by  the  observations 
of  the  eminent  German  botanist,  Meyen,  adopted  the  opinion  that  ifc 
originate?  and  propagates  itself  in  the  Atlantic,  where  it  is  so  abun- 
dantly found.  Meyen,  in  1 830,  passed  through  a  considerable  portion 
of  the  great  band  of  gulf- weed,  and  he  ascertained,  as  he  states,  from 
the  examination  of  several  thousand  specimens,  that  it  was  uni- 
formly destitute  of  root  and  of  fructification.  He  therefore  con- 
cluded that  the  plant  propagates  itself  solely  by  lateral  branches ; 
denying  at  the  same  time  that  it  is  brought  from  the  Gulf  of 
Florida,  as,  according  to  his  own  observations,  it  hardly  exists  in 
that  part  of  the  Gulf  Stream,  near  the  great  band,  though  found  in 
extensive  masses  to  the  westward.  Robert  Brown,  however,  was 
of  opinion  that  the  shores  of  the  Gulf  of  Florida  had  not  been 
sufficiently  examined  to  enable  him  absolutely  to  decide  that  it  is 
not  the  original  source  of  the  plant.  Sloane  says  he  saw  gulf- 
weed  growing  on  the  rocks  of  the  shores  of  Jamaica,  but  the  speci- 
mens in  his  herbarium,  says  B.  Brown,  belong  to  the  ordinary  form, 
and  are  alike  destitute  of  root  and  fructification. 

A  closely  allied  species  {Sargassum  natans,  or  vulgare)  has  been 
found  fixed  by  a  discoid  base  or  root,  in  the  same  manner  as  the 
other  species  of  the  genus ;  and  since  Meyen  declares  that  he  has 
found  all  Agardh^s  varieties  of  Sargassum  natans  among  the  gulf- 
weed  of  the  Atlantic,  and  moreover,  that  he  has  seen  what  he 
regards  as  the  gulf-weed,  in  a  state  of  fructification,  on  the  coasfc  of 
Brazil,  the  legitimate  conclusion  from  his  statements  seems  to  be, 
that  this  plant  is  merely  modified  by  the  peculiar  circumstances  in 
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whicli  it  has  been  so  long  placed.  It  is  not  yet  known  wliat  other 
species  of  Sargassum  are  mixed  with  the  gulf- weed,  what  proportion 
they  form  of  the  great  band,  nor  in  what  state,  with  respect  to  root 
and  fructification,  they  are  found.  Accurate  information  upon  these 
points  would  be  of  considerable  importance. 

That  the  gulf- weed  of  the  great  band  (says  Robert  Brown,  from 
whose  communication  on  this  subject  this  information  is  chiefly 
derived)  is  propagated  solely  by  lateral  or  axillary  ramification,  and 
that  in  this  way  it  may  have  extended  over  the  immense  space  it 
now  occupies,  is  highly  probable ;  and  perhaps  may  be  aflBrmed 
absolutely,  without  involving  the  question  of  origin,  which  he  con- 
sidered still  doubtful. 

It  does  not  appear  that  any  other  species  of  Sargassum  is 
originally  destitute  of  roots,  even  those  most  closely  alHed  to  Sar- 
gassum hacciferum,  though  some  of  them  are  not  unfrequently 
found  both  in  the  fixed,  and  in  considerable  masses  in  the  floating 
state,  retaining  vitality,  and  probably  propagating  themselves  in 
the  same  manner.  The  late  Professor  Harvey  conjectured  that  the 
gulf- weed  might  be  a  pelagic  variety  of  Sargassum  vulga/re  in  the 
same  way  as  the  variety  subcostatus  of  Fucus  vesicuhsus  has  never 
been  found  attached,  growing  in  salt  marshes.  In  the  Mediterra- 
nean, vast  quantities  of  Fucus  vesiculosus  occur  under  a  peculiar 
form,  consisting  entirely  of  specimens  derived  from  sea-born  weed, 
carried  in  by  the  current  which  sets  in  to  that  sea  from  the 
Atlantic.  So  also,  says  Balfour,  Fucus  mackaiij  which  has  never 
been  found  attached,  may  be  a  form  of  Fucus  nodosus,  growing  on 
muddy  shores.  The  fact  of  the  floating  masses  of  Sargassum  being 
barren,  is  strictly  analogous  to  that  of  Macrocystis,  producing  fruit 
only  on  young  attached  specimens.  In  both  cases,  says  Berkeley, 
multiplication  is  so  rapid  in  the  floating  beds,  as  to  render  fi*uit 
needless ;  and  the  same  great  authority  on  cryptogamic  botany,  is 
of  opinion  that  the  same  individual  continually  produces  new 
branches  and  leaves,  and  thus  multiplies  the  species ;  although  he 
thinks  there  is  not  suflicient  evidence  to  prove  whether  or  no  they 
receive  fresh  accessions  from  plants  produced  on  rocks. 

Wherever  there  are  large  accumulations  of  sea- weed,  it  neces- 
sarily follows  that  there  should  be  a  population  of  some  kind  sup- 
ported by  them.  Speaking  of  the  kelp  {Ma^'ocystis  pyrifera), 
which,  though  rooted  to  the  bottom,  extends  perhaps  60  fathoms 
from  its  anchorage,  Darwin  says,  "  The  number  of  living  creatures 
of  all  orders,  whose  existence  intimately  depends  on  the  kelp,  is 
wonderful.     I  can  only  compare  these  great  aquatic  forests  of  the 


THE  SARGASSO  SEA,  AND  ITS  INHABITANTS.  389 

southern  hemispliere  with  the  terrestrial  ones  in  the  intertropical 
regions.  Yet  if  in  any  country  a  forest  were  destroyed,  I  do  not 
beheve  nearly  so  many  species  of  animals  would  perish,  as  would 
here  from  the  destruction  of  the  kelp/'  And  intelligent  naviga- 
tors have  remarked  the  same  of  the  gulf- weed.  Capt.  Grey,  in  his 
voyage  from  Australia,  remarks,  "  In  lat.  29°  north,  we  entered  a 
portion  of  the  sea  covered  with  patches  of  sea- weed,  around  which 
swarmed  numerous  eel-like  fish,  crabs,  shrimps,  and  little  blue  fish. 
These  last  swarm  under  those  floating  islands,  sometimes  leaving 
them  for  a  little  distance — but  they  always  returned,  or  swam  to 
another.  The  crabs  crawled  in  and  out  among  the  sea-weed,  and 
other  fish  of  a  large  size  came  to  these  spots  to  deposit  their  spawn ; 
so  that  we  were  in  an  archipelago  of  floating  islands,  teeming  with 
busy  inhabitants  and  animal  enjoyment.''  These  masses  of  float- 
ing weed,  indeed,  serve  as  the  retreat  of  an  innumerable  host  of 
marine  animals,  of  which  some  live  in  the  midst  of  their  inextricable 
labyrinths,  and  others  having  been  once  entangled  in  them,  cannot 
escape,  and  are  forced  to  abandon  themselves  to  the  current  of 
these  immense  sea  forests,  in  the  midst  of  which  they  are  enclosed. 

On  returning  from  China  in  1867,  it  was  my  fortune  to  cross  the 
Sargasso  Sea  early  in  July ;  and  moreover,  having  several  days  of 
calm  weather,  I  spent  some  time  upon  the  chains,  armed  with  a 
grapnel,  by  means  of  which  I,  from  time  to  time,  was  able  to  raise 
bunches  of  sea-weed  upon  deck,  for  examination.  Nearly  every 
bunch  of  weed,  so  obtained,  was  found  to  be  peopled  with  similar 
creatures,  Polyzoa,  Polyps,  Annelids,  Crustacea,  Molluscs,  and  Fish ; 
concerning  the  most  remarkable  of  which,  I  shall,  in  concluding 
this  paper,  make  a  few  observations.  Though  not  absolutely  con- 
nected with  the  weed,  yet  as  occurring  side  by  side  with  it  in  the 
same  latitude,  I  may  mention  magnificent  specimens  of  Physalia, 
or  Portuguese  man-of-war,  which  sailed  by  in  the  beautiful  calms  of 
that  region — their  blue-tinted  bladders  were  eight  inches  long,  and 
nearly  three  inghes  above  the  water— their  long  threads  trailing 
beneath,  and  giving  shelter  to  a  number  of  little  banded  fishes,  which 
seemed  to  find  protection  in  this  equivocal  position.  With  these 
were  VelellsD  of  a  proportionately  large  size,  and  the  clearer  portions  of 
the  sea  swarmed  with  large  compound  Ascidians  of  various  curious 
forms,  described  in  a  former  paper,  and  numerous  remarkable 
Hydrozoa,  many  of  which  are  yet  undescribed. 

The  most  characteristic  appearance  met  with  on  the  gulf-weed, 
of  an  animal  nature,  is,  undoubtedly,  those  encrustations  of  a  poly- 
poid or  polyzoid  character,  with  which  every  frond  abounds.    The 
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-multitudes  of  these  minute  inhabitants  is  literally  incalculable. 
Every  leaf  is  more  or  less  covered  with  them — every  berry  is  more 
or  less  changed  from  brown  to  a  light  buflf  or  greyish  tint,  by 
means  of  the  spreading  vegetating  polyzoaries,  allied  to  what  is 
known  to  us  as  the  sea-mat  (Fhcstra),  though  it  is  worthy  of  remark 
that  the  encrusting  Polyzoa  of  the  leaves  and  berries  were  of  one 
species,  and  that  of  the  stems  of  another.  The  great  majority  of 
these  Polyzoa  appear  to  be  of  the  genus  Memhranipora,  the  cells  of 
which  are  arranged  in  a  quincuntial  manner,  with  raised  margins. 
These  curious  cells,  and  the  social  mollusks  inhabiting  them,  aflforded 
a  constant  object  of  interest  for  the  microscope.  Associated  with 
them,  were  graceful  GampanulaHce,  lower  in  organization,  but 
excelling  them  in  beauty,  with  elegant  goblet-shaped  cups  set  upon 
moniliform  stems,  out  of  which  protruded  the  bunch  of  tentacles, 
unprovided  with  the  cilia,  which  are  so  prominent  a  character  of 
the  arms  of  Membranipora.  On  most  berries  also  were  the  Uttle 
spiral  shells  of  tubicolous  Annelids  (Sjnrohis),  whose  branchial  tufts 
iippeared  like  elegant  little  plumes  of  feathers.  Besides  these,  Vorti- 
cellsB,  and  many  other  minute  forms  of  life,  rewarded  the  micro- 
scopic observation  of  these  fertile  marine  plains. 

One  of  the  most  common  inhabitants  of  the  gulf-weed  is  the  Nu- 
dibranch  Scyllcea  pelagica.  On  every  bunch  of  the  Sargassum  which 
I  hooked  up,  I  found  specimens  of  this  interesting  animal,  which  is 
found  in  the  list  of  British  Nudibranchs,  but  is  not  figured  in  the 
beautiful  monograph  of  Alder  and  Hancock.  Not  long  since, 
Scyllcea  figured  among  the  Vermes  of  Linnaeus,  until  Cuvier  first 
placed  it  in  its  true  position  among  the  Nudibranchiate  moUusca. 
It  is  a  widely-distributed  animal,  owing  to  its  habit  of  living  on  the 
floating  sea- weed,  to  which  it  adheres  with  great  tenacity,  by  means 
of  the  foot  or  crawling  surface,  which  is  said,  by  most  authors,  to 
be  deeply  grooved,  with  the  two  sides  extremely  thin  and  flexible, 
and  formed  for  clasping  the  stems  of  the  weed — a  very  necessary 
provision  for  an  animal  living  in  the  open  sea,  and  subject,  other- 
wise, to  be  washed  from  its  anchorage  by  every  storm,  and  thus 
destroyed.  Messrs.  Alder  and  Hancock  are  disposed  to  believe 
(arguing  by  analogy,  from  other  stem-embracing  species)  that  the 
foot  would  be  found  to  be  really  flat,  but,  from  observation,  I  am 
able  to  say  that  the  foot  of  Scyllaea  is  not,  like  other  Nudibranchs, 
absolutely  flat  when  walking  upon  glass,  a  small  portion  only  of  the 
foot  is  flattened  out  in  the  centre,  like  a  disc,  the  remainder  of  the 
organ  presenting  its  natural  folded  appearance.  So  tightly  does  it 
attach  itself,  that  some  older  naturalists  believed  that  it  was  per- 
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manentlj  fixed  to  the  stems  ou  which  it  lives.  The  Scyllsea  is  an 
active  little  animal,  of  a  light  brown  colour,  and  opalescent,  very- 
much  compressed,  provided  with  two  club-shaped  tentacles  near  the 
head ;  and  on  each  side  of  the  back  there  are  two  pairs  of  erect,  flat- 
tened, irregular  lobes,  in  the  inner  side  of  which,  and  on  the  back, 
are  the  branchiae,  forming  delicate  tree-like  tufts,  irregularly  scat- 
tered. This  little  creature  was  in  constant  motion,  contracting 
itself  and  writhiug  about.  It  readily  detached  itself  from  the  weed, 
and  swam  freely  about  in  the  water,  moving  the  head  and  tail  from 
aide  to  side  alternately,  so  as  nearly  to  touch  one  another.  One 
very  remarkable  character  was,  that  when  thus  swimming,  owing  to 
the  weight  of  the  tentacles  and  processes,  they  turned  back  down- 
wards, and  bore  a  most  grotesque  resemblance  to  a  small  four- 
legged  animal  with  long  ears — a.  Scotch  terrier,  for  example.  It  was 
in  this  position  that  Seba,  its  first  describer,  figured  it  as  a  young 
fishj  Linnaaus,  and  after  him  Gmelin,  also  described  it  upside 
down. 

The  Scyllcea  pelagica  has  horny  cutting  jaws,  and  is  in  its  way 
a  terrible  carnivore;  for  this  alone,  of  all  the  Nudibranchiate 
moUusca,  has  an  armature  in  the  stomach,  performing  the  functions 
of  a  gizzard.  Its  interior  is  lined  with  a  broad  transverse  band  of 
dark,  homy,  lancet-formed  plates,  having  their  edges  and  points 
sharp,  and  directed  towards  the  centre  of  the  cavity,  which  they 
almost  fill.  Moreover,  the  tongue  is  covered  through  its  entire 
length  with  denticulated  spines,  forming  about  thirteen  transverse 
rows,  divided  by  a  narrow  groove  down  the  centre,  on  which,  in 
each  row,  is  a  broad  plate,  containing  a  central  tooth,  with  three  or 
four  denticulations  on  each  side,  the  points  of  the  spines  being 
directed  backwards  and  inwards. 

I  not  unfrequently  found  the  spawn  of  Scyllcea  pelagica,  which 
has  not  before  been  figured.  It  consisted  of  a  loose  straw-coloured 
-coil,  entwining  the  leaves  and  berries  of  Sargassum,  and  imbedded 
in  a  mass  of  transparent  gelatinous  matter. 

Scarcely  less  numerous  than  the  Scyllaeas  were  the  little  crabs 
of  the  genus  Planes  (P.  linneana),  belonging  to  the  family  of  Grap- 
sid89.  These  floating  crabs  abounded  on  most-  of  the  bunches  of 
gulf-weed.  The  carapace  of  these  crabs  is  longer  than  it  is  wide, 
and  the  body  is  compressed ;  the  tarsi  are  thick  and  spinous,  and 
the  anterior  part  of  the  body  projects ;  the  front  limbs  are  short,  as 
are  the  eye  footstalks,  the  eye  occupying  half  the  length.  They  are 
confined,  like  the  gulf-weed,  to  the  seas  of  warm  and  temperate 
climates,  and  offered  no  particular  points  of  interest,  beyond  their 
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numbers,  and  the  proof  oflfered  thereby  of  the  plentiful  supply  of 
food  obtainable  by  such  colonists  on  the  patches  of  Sargasso.  But 
a  more  interesting  Crustacean  is  the  Neptunus  pelagicus,  or  I/wpea 
jpelagica,  so  called  from  his  splendid  swimming  capabilities,  which 
render  him  like  Neptune,  the  master  of  the  sea.  I  had  been  told  of 
a  large  crab  seen  swimming  by  the  ship  in  the  open  ocean,  and 
shortly  afterwards  had  its  existence  verified,  by  taking  the  above 
named  crab  in  a  towing  net  in  this  region.  This  species  swims  with 
great  ease  and  quickness,  usually  near  the  surface,  and  can  rest 
not  only  upon  the  drifting  seaweed,  but  even  upon  the  top 
of  the  water,  remaining  suspended  motionless  at  pleasure.  Its 
form  is  well  adapted  for  speed,  the  carapace  being  remarkably 
flattened,  and  extremely  wide,  terminating  on  either  side  in  a  long 
spine,  and  having  its  Anterior  margin  strongly  serrated.  Its 
anterior  legs  are  robust  and  armed  with  spines,  and  the  chelae,  or 
claws,  are  furnished  with  long  sharp  pincers,  of  a  singularly  trench- 
ant character.  It  is  a  very  shark  among  Crustacea,  swift,  certain, 
and  deadly ;  graceful  and  tiger-like  in  its  movements,  never  tiring, 
or  needing  the  rest  which  most  other  swimming  animals  seem  to 
require.  Swimming  to  a  patch  of  Sargasso  it  would  seem  to  prey 
upon  its  numerous  inhabitants,  and  then  swim  to  another,  which  in 
turn  it  depopulates — a  very  scourge  of  these  floating  colonies.  The 
oceanic  swimming  crab  has  a  wide  range  in  warm  seas,  as  might 
have  been  anticipated  from  its  habits.  It  is  common  around 
India,  AustraUa,  and  the  Phillipine  Islands,  and  is  a  member  of 
the  family  Portunidae. 

Among  the  fishes  found  in  the  gulf-weed,  the  most  interest- 
ing was  a  small  species  of  Antennarius,  one  of  the  family  of  the 
Lophiadse,  fishes  of  the  hard-finned  order,  generally  distinguished 
by  the  bones  of  the  carpus  being  elongated,  and  forming  a  kind  of 
arm,  which  supports  the  pectoral  fins.  This  little  fish  lived  several 
days  in  a  globe  of  water,  always  remaining  among  the  weed  with 
which  it  was  supplied,  and  to  which  it  clung  tenaciously  by  its 
curious  arm-like  fins.  Its  movements,  owing  to  this  remarkable 
conformation,  were  very  singular  and  grotesque,  as  it  seemed  to  use 
its  fins  as  though  they  were  hands,  and  irresistibly  gave  one  the 
impression  of  a  greater  amount  of  sharpness  and  acumen  than  is 
usually  possessed  by  fishes.  It  was  fed  regularly  with  little  bits  of 
meat,  which  it  watched  with  great  circumspection,  and  would  never 
be  induced  to  leave  its  hold  upon  the  weed  and  seize  the  food, 
until  all  appearance  of  danger  had  been  removed.  It  is  very 
remarkable  how  animals  which  are  suppHed  with  any  organ  which 
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assimilates  them  in  ever  so  slight  a  degree  to  the  human  form  or 
habit,  acquire  thereby,  a  greater  appearance  of  intelligence;  and 
the  fact  of  this  faint  resemblance  between  the  pectorals  of  the 
Antennarius  and  the  human  hand,  gave  the  fish  an  advantage  over 
its  finny  brethren  which  was  at  once  observable.  The  exigencies 
of  its  structure  demand  a  grotesque  similarity  of  function,  which  is 
at  once  striking  and  interesting. 

It  is  a  circumstance  well  worthy  of  remark,  that  all  the  animals 
I  found  harbouring  in  the  Sargasso  weed  were  of  the  same  general 
tint  as  the  weed  itself,  assimilating  themselves  so  closely,  indeed, 
in  colour,  that  it  was  often  difficult,  at  once,  to  distinguish  them. 
The  gulf-weed  is  usually  (as  has  been  observed)  of  a  rich  lightish 
brown  colour,  with  certain  parts,  as  the  stems,  of  a  darker  brown. 
The  most  numerous  animals,  the  Scylladas,  were  also  of  a  general 
light  brown  tint,  and  the  crabs  (Planes  Unneana),  although  prettily 
marked,  were  all  a  light  brown,  so  that  when  they  got  into  a  mas? 
of  sea-weed,  it  was  no  easy  matter  to  find  them  again.  Various 
little  shrimps  were  also  of  the  same  colour,  and  the  Antennarius, 
although  exquisitely  marked  and  mottled,  blended  in  tint  beautifully 
with  the  weed  in  which  it  resided.  Even  the  Neptunus  pelagicus, 
though  usually  described  as  greyish- green,  with  yellow  spots,  was 
here  of  a  clouded  reddish-brown  tint,  little  differing  from  that  of  the 
Sargasso.  The  object  of  such  assimilation  one  cannot  imagine  to 
be  otherwise  than  protection — for  although  the  enemy  was  equally 
protected,  its  prey  received  the  benefit  of  concealment  from  it,  as  it 
did  in  its  turn  from  larger  enemies,  to  which  it  was  doubtless 
amenable  ;  while  in  its  relation  to  the  small  creatures  on  which  it 
fed,  its  size  and  activity  would  be  sufficient  to  counterbalance  any 
advantage  they  would  lose  from  the  concealing  colour  of  their 
enemy. 

I  met  with  a  curious  instance  of  prevailing  tint  also  in  the 
Indian  Ocean,  where  the  sea  had  an  intensely  deep  blue  colour,  of 
which  every  animal  captured  partook.  Not  only  were  the  Jan- 
thinas  of  their  characteristic  violet  colour,  but  there  were  small 
violet  crabs;  rich  blue  Physalias  with  violet  threads;  blue  tinted 
VelellaQ ;  little  violet  shrimps ;  and  beautiful  crystalline  Crustacea 
{Phyllosoma,  Squillericlhysy  etc.)  almost  transparent,  but  all  more  or 
less  tinged  with  violet.  As  it  was  impossible  to  see  these  animals 
in  the  sea  from  above,  so,  doubtless,  their  colour  must  be  a  great 
concealment  from  their  enemies,  in  an  ocean  where  this  colour 
prevails. 

There  can  be  no  doubt  that  the  presence  of  the  Sargasso  Sea^ 
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by  affording  liarbour  and  pasture  for  these  animals^  even  the  least  of 
them^  owing  to  their  abundance^  must  have  an  important  influence 
upon  the  Fauna  of  the  Atlantic  Ocean.  For  so  inextricably  are 
the  fortunes  and  lives  of  races  of  animals  bound  up  with  one 
another  in  the  struggle  for  e3dstence,  that  this  vast  feeding  ground 
must  offer  great  supplies  of  food  to  predaceous  fish,  which  do  not 
need  the  protection  it  affords.  We  are  informed  that  the  pilchards 
have  left  the  Cornish  bays,  where  they  formerly  abounded,  on 
account  of  the  sea- weed  being  cut  from  the  rocks  for  manuring 
purposes, — thus  destroying  the  small  Crustacea  which  formed  the 
intermediate  feeders  between  the  sea-weeds  and  the  fish.  And  so  we 
may  imagine  that  in  the  event  of  any  change  in  the  elements  of  the 
Gulf  Stream  which  should  materially  diminish  or  alter  the  position 
of  the  Sargasso  Sea,  the  effects  would  be  felt  throughout  the  great 
fish  population  of  the  Atlantic,  in  widening  circles  which  would 
probably  not  leave  unscathed  the  vast  banks  of  cod  and  herring 
which  so  largely  supply  our  markets  with  wholesome  food. 

Explanation  of  Plate. 

A.  Berry  of  Sargassum,  encrusted  with  Membranipora. 

B.  Same  magnified  24  diam. 

0.  Ninetydiam.,  showing  form  of  cells. 

D.  Circumference  of  berry,  with  the  Polyzoa  in  various  positions. 

E.  A  Polyzoon  of  Memhranvpora,  magnified  55  diam. 

F.  Sargassum,  with  Campanularia, 

G.  Campanularia,  magnified  90  diam. 
H.  Sargassum  berry,  with  Spirorhis. 

1.  Ditto,  magn. 

K.  Spirorhis  expanded,  24  diam. 

L.  Scyllcea  pelagica  (nat.  size). 

M.  Attitude  of  ditto,  assumed  in  sinking  through  the  water. 

N.  Tentacle  of  Scyllcea. 

O.  Dorsal  appendage  of  ditto. 

P.  Form  of  foot  of  Scyllcea  when  crawling  on  a  flat  sur£EU)e* 

Q.  Spawn  of  Scyllcea  coiled  on  Sargassum  stalk. 
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THE  ORIGIN  OF  CIYILIZATION  * 

Sib  John  Lubbock's  '^  Origin  of  Civilization ''  is  a  very  interest- 
ing and  readable  work,  but  it  is  impossible  to  peruse  it  without 
coming  to  the  conclusion  that  he  would  have  produced  a  much 
better  one  if  he  had  not  founded  it  upon  a  set  of  popular  lectures 
delivered  at  the  Royal  Institution  two  years  ago.  The  requirements 
of  a  miscellaneous  audience^  many  of  them  totally  ignorant  of  the 
subject,  and  not  easily  amused  without  their  customary  allowance  of 
electric  light,  magic-lantern  work,  and  brilliant  display,  could  only 
be  met  by  a  very  frequent  and  considerable  sacrifice  of  the  subject, 
and  by  a  treatment  rather  verging  on  the  flimsy  than  penetrating 
into  the  profound.  In  spite  of  the  diMculties  created  by  these 
circumstances,  and  by  the  multitudinous  labours  and  engagements  of 
its  undoubtedly  able  author,  the  book  is  well  worth  having  as  a 
useful  summary  of  information ;  and  if  its  arguments  are  cautiously 
scanned  it  will  give  an  important  impulse  in  this  country  to  a  study 
that  has  many  difficulties  to  contend  with,  arising  from  prejudice 
and  old  established  ideas. 

Unfortunately  we  are  not  able  to  trace  the  progress  of  any  race 
or  nation  from  the  rudest  beginnings  to  the  stage  we  call  civiliza- 
tion ;  and  when  we  contemplate  the  lives  of  the  lowest  savages,  we 
see  no  tendencies  towards  a  higher  development,  and  in  some  cases 
very  little  capacity  for  it  can  be  discerned.  Thus  we  are  without  a 
satisfactory  basis  of  history  for  our  research;  and  when  our 
travellers  come  into  contact  with  savages,  they  have  great  difficulty 
in  appreciating  their  mental  states.  Sir  John  Lubbock  alludes  to 
the  unwillingness  of  savages  to  contradict  what  is  said  to  them,  as 
a  frequent  source  of  error,  and  he  cites  a  story  told  by  Mr.  Oldfield 
of  his  asking  an  Australian,  who  brought  him  a  specimen  of 
Eucalyptus,  whether  it  was  a  ^^  tall  tree,''  to  which  he  answered  in 
the  affirmative ;  he  was  then  asked  if  it  was  a  "  low  bush,"  and 
again  the  reply  was  '^  yes."  As  tall  trees  pass  through  stages  of 
growth,  the  native  might  have  meant  that  the  Eucalyptus  in  ques- 
tion was  found  both  tall  and  as  a  low  bush.  If  this  particular 
Australian  was  somewhat  confused  about  the  relative  tallness  of 
trees,  are  not  civilized  authors  as  much  so  when  they  describe 
vaguely  as  "  savages  "  all  sorts  of  races  varying  greatly  in  develop- 
ment.    Mr.  Dalton,  cited  by  Sir  John,  speaks  of  wild  men  in  the 

*  "  The  Origin  of  Civilization  and  the  Primitive  Condition  of  Man.  Mental  and 
Social  Condition  of  Savages."  Bj  Sir  John  Lnhhock,  Bart.,  M.P.,  F.B.S.,  author  of 
'*  Prehistoric  Times,"  etc.,  etc.    Longmans. 
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interior  of  Borneo,  "  who  neither  eat  rice  nor  salt,  do  not  associate 
with  each  other,  but  rove  about  the  woods  like  vrild  beasts,^^  and 
are  so  regarded  by  the  other  Dyaks.  Among  such  persons  it  would 
be  vain  to  look  for  more  than  a  mere  possibility  of  culture  above  the 
beasts  they  imitate. 

Contrasting  with  the  wild  Borneans,  whose  ideas  must  be  ex- 
tremely limited,  we  may  place  the  natives  of  Tahiti,  behoving  that 
"  not  only  all  animals,  but  trees,  fruit,  and  even  stones,  have  souls, 
which  at  death,  or  upon  being  consumed  or  broken,  ascend  to  the 
Divinity,  with  whom  they  first  mix,  and  afterwards  pass  into  the 
mansion  allotted  to  each.^'  Here  we  have  a  people  arriving  at  a 
conception  of  a  general  law,  and  exhibiting  in  a  rude  form  the 
doctrine  of  the  conservation  of  force. 

Sir  John  Lubbock  adduces  many  interesting  cases  of  curious 
customs  prevailing  amongst  widely-separated  tribes  or  races,  and 
we  think  he  is  quite  right  in  considering  that  similar  ideas  and 
practices  may  spring  up  under  analogous  circumstances  without 
any  communication  between  the  people  who  adopt  them.  Probably 
many  human  actions  have  the  character  which  in  animals  we  term 
''  instinctive^' — that  is,  of  necessarily  resulting  from  the  influence 
of  circumstances  on  physical  organization.  In  his  remarks  on  the 
marriage  customs  of  savages.  Sir  John  is  disposed  to  believe  that 
marriage  was  first  communal  '^  when  every  man  and  woman  in  a 
small  community  were  regarded  as  equally  married  to  one  another,'' 
and  then  became  changed  into  individual  marriage  founded  on 
capture.  Marriage  by  capturing  and  acquiring  a  sort  of  hunter's 
or  warrior's  property  in  the  woman  caught,  is  shown  to  have  had  a 
wide  prevalence  by  recent  writers,  but  there  does  not  seem  suflGlcient 
ground  for  recognizing  its  universality,  or  for  attributing  that  quaUty 
to  the  so-called  '^  communal"  arrangement.  Many  of  the  customs 
of  savages  in  relation  to  marriage  are  so  disgustingly  cruel  that 
they  scarcely  admit  description,  and  in  the  book  before  us  is  a  print 
representing  an  "Australian  marriage,"  which  consists  in  the 
would-be  husband,  assisted  by  his  companions,  dragging  away  the 
unfortunate  woman,  and  belabouring  her  with  clubs  and  wooden 
swords  until  she  is  covered  with  wounds  and  blood.  Are  there  any 
wild  beasts  who  treat  their  females  so  badly  ?  Is  there  not  in  such 
cases  a  degradation  from  a  previous  state  at  least  as  good  as  that 
of  tigers  and  wolves  ? 

The  pecuhar  position  of  the  sexes  amongst  many  savage  races 
very  naturally  gives  rise  to  the  practice  of  tracing  relationship  on 
the  mother's  side  only,  the  uncertainty  of  the  paternity  causing  the 
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father  to  be  omitted  from  the  calculation^  and  amongst  the  Tamils 
of  India  ''  a  man^s  brother's  children  are  reckoned  as  his  children^ 
but  his  sister's  children  are  his  nephews  and  nieces^  while  a  woman's 
brother's  children  are  her  nephews  and  nieces^  and  her  sister's 
children  are  her  children."  From  tracing  all  relationship  through 
the  mother^  to  a  practice  diametrically  opposite^  is  a  strange  contrast^ 
if  not  transition  j  and  Sir  J.  Lubbock  observes  ^' how  completely  the 
idea  of  relationship  through  the  father^  when  once  recognized^  might 
replace  that  through  the  mother^  we  may  see  in  the  very  curious 
trial  of  Orestes.  Agamemnon  having  been  murdered  by  his  wife^ 
Glytemnestra^  was  avenged  by  their  son  Orestes^  who  killed  his 
mother  for  the  murder  of  his  father.  For  this  act  he  was  prosecuted 
before  the  tribunal  of  the  gods  by  the  Erynnyes,  whose  function  it 
was  to  punish  those  who  shed  the  blood  of  relatives.  In  his  defence^ 
Orestes  asks  them  why  they  did  not  punish  Clytemnestra  for  the 
murder  of  Agamemnon ;  and  when  they  reply  that  marriage  does 
not  constitute  blood  relationship^^  she  has  not  the  kindred  of  the 
man  she  slew^'  he  pleads  that  by  the  same  rule  they  cannot  touch 
himy  because  a  man  is  a  relation  to  his  father  but  not  to  his  mother." 

This  view,  which  appears  to  us  so  unnatural,  was  supported  by 
Apollo  and  Minerva,  and  being  adopted  by  the  majority  of  the  gods 
led  to  the  acquittal  of  Orestes.  Sir  John  thinks  that  "  at  iSrst  a 
child  was  considered  as  related  to  his  tribe  generally ;  secondly,  to 
his  mother,  and  not  to  his  father;  thirdly,  to  his  father,  and  not  to 
his  mother ;  and  lastly,  and  lastly  only,  that  he  is  related  to  both." 
The  foundation  of  this  view  is  the  opinion  that  in  the  "  primitive  " 
marriage  the  woman  was  the  wife  of  the  tribe,  and  that  matri- 
monial pairing  was  a  later  invention.  Of  this  we  do  not  see  adequate 
proof,  though  the  wide  prevalence  of  marriage  by  capture  must  be 
conceded.  When  parents  acquired  the  notion  that  their  daughters 
were  property,  wives  would  be  obtainable  by  purchase,  or  by  robbery, 
and  it  is  no  wonder  that  the  latter  was  thought  an  excellent  plan. 

We  do  not  think  Sir  John  Lubbock  treats  the  question  of  the 
moral  and  religious  sentiments  and  opinions  of  savages  with  sufficient 
caution,  nor  should  we  be  disposed  to  accept  without  considerable 
reservation  and  modification  his  ^^  stages  "  of  religious  thought,  which 
are  as  follows: — '^Atlieism;  understanding  by  this  term  not  a 
denial  of  the  existence  of  a  deity,  but  an  absence  of  any  definite 
ideas  on  the  subject :  Fetichism;  the  stage  in  which  man  supposes 
he  can  force  the  deity  to  comply  with  his  desires ;  Nature  Worship, 
or  Totcmism,  in  which  natural  objects — ^trees,  lakes,  stones,  animals, 
etc. — are  worshipped:  Shamanism;  in  which  the  superior  deities 
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are  far  more  powerful  than  men^  and  of  a  different  nature^  their 
place  of  abode  is  also  far  away^  and  accessible  only  to  Shamans : 
Idolatry,  or  Anthropomorphisnh ;  in  which  the  gods  took  still  more 
completely  the  form  of  men,  being,  however,  more  powerful.  They 
are  still  amenable  to  persuasion ;  they  are  a  part  of  nature  and  not 
creators ;  they  are  represented  by  images  or  idols.  In  the  next 
stage  the  deity  is  regarded  as  the  author,  not  merely  a  part,  of 
nature ;  he  becomes  for  the  first  time  a  really  supernatural  being. 
The  last  stage  to  which  I  will  refer  is  that  in  which  morality  is  asso- 
ciated with  religion/'  Scarcely  one  of  these  "  stages  "  is  free  from 
objection.  Let  us  take  the  first,  Atheism,  and  we  ask,  why  should 
vagueness  (absence  of  definitiveness,  as  the  author  explains)  be 
sufficient  to  justify  the  use  of  this  term  ?  In  tracing  growth  we 
must  pay  due  attention  to  embryonic  forms,  and  if  any  ^^  vague 
notions ''  can  be  discovered  that  can  make  a  step  towards  Theism, 
we  should  not  use  the  term  Atheism  in  such  a  case.  Again, 
Fetichism  is  by  no  means  the  only  stage  of  religious  thought  in 
which  man  supposes  he  can  force  the  deity  to  comply  with  his 
desires.  Men  who  take  low  views  of  the  highest  religions  are  not 
free  from  this  error,  and  suppose  that  by  rites,  ceremonies,  and 
penances,  they  can  exercise  a  constraining  power. 

Sir  John's  "  Shamanism ''  is  scarcely  more  satisfactory.  It  may 
be  doubted  whether  any  savage  race  ever  believed  in  deities  quite  of 
a  different  nature  from  themselves,  and  Anthropomorphism  meets  us 
at  every  step  when  we  investigate  modem  varieties  of  faith.  Acces- 
sibility only  to  ''  Shamans ''  is  not  peculiar  to  the  religion  of 
savages,  for  in  a  great  variety  of  the  religions  of  civilized  men, 
we  find  the  intervention  of  a  particular  class  of  persons  deemed 
essential  to  the  propitiation  of  supernal  powers.  If  the  Egyptians 
and  the  Hindoos  are  to  be  reckoned  amougst.  idolaters,  there  is  much 
to  be  found  in  their  belief  that  will  not  fit  Sir  John's  definition.  Isis, 
Osiris,  Yishnn,  and  Siva,  are  not  mere  parts  of  nature,  or  specially 
amenable  to  persuasion,  and  with  regard  to  nature  worship,  we  must 
not  forget  the  difference  between  worshipping  a  particular  object  as  a 
symbol,  or  as  an  actual  deity,  and  the  worship  of  natural  powers- 
generation,  etc. — ^which  existed  amongst  nations  who  had  made  great 
progress  in  metaphysical  thought.  The  idolatry  of  a  savage  is  no 
doubt  enormously,  lower  than  that  of  a  learned  Brahmin  or  an  Egyp- 
tian priest,  but  wherever  idols  are  employed  as  objects  of  adoration^ 
the  many  will,  in  fact,  be  genuine  idolaters,  though  the  few  may 
regard  the  images  from  a  purely  symbolical  point  of  view. 

What  a  civilized  man  accustomed  to  hard  thinking  calls  '^  reli- 


THE  ORIGIN  OF  CIVILIZATION.  399 

gion/'  is  a  highly  complex  compound  of  opinions  and  sentiments,  and 
if  we  seek  to  find  the  earliest  roots  of  such  religion  in  the  most  bar- 
barous and  undeveloped  races,  we  should  only  expect  very  simple 
germs.  No  creature  can  think  of  a  deity  from  whom  all  things 
proceed,  or  by  whom  all  things  are  fashioned,  unless  he  is  able  to 
conceive  the  idea  expressed  by  "  all  things.^'  The  reference  of  dis- 
similar phenomena  to  one  common  cause  can  only  take  place  when 
considerable  powers  of  generalization  and  abstraction  have  been 
reached.  The  discovery  of  savages  who  have  ^^  no  idea  of  a  Supreme 
Being,*'  and  ^^  no  rites  of  religious  worship,''  is  no  proof  whatever 
that  germs  of  religion  do  not  exist  amongst  them.  A  savage  would 
not  be  hkely  to  get  at  the  notion  of  a  Supreme  Being  until  long 
after  he  had  recognized  forces  in  nature  to  which  he  would  give 
names,  and  more  or  less  distinctly  personify.  Sir  J.  Lubbock  him- 
self observes,  ^^  It  seems  a  priori  very  difficult  to  suppose  that  a 
people  BO  backward  as  to  be  unable  to  count  their  own  fingers 
should  be  sufficiently  advanced  in  their  intellectual  conception  as  to 
have  any  system  of  belief  worthy  of  the  name  of  a  religion."  This 
we  can  all  agree  with,  but  if  religion  is  natural  to  man,  as  we  con- 
tend, we  should  think  it  probable  that  a  careful  examination  of 
savages  who  cannot  count  as  far  as  their  fingers,  would  lead  to  the 
detection  of  some  rudimentary  capacities  which,  if  developed,  would 
evolve  religious  thought.  If  the  question  were  put,  "  is  it  natural 
to  man  to  form  general  conceptions,  and  abstract  ideas,"  the  reply 
would  be  "  yes,"  as  soon  as  the  requisite  development  takes  place^ 
and  the  same  answer  seems  applicable  to  the  inqtiiry  whether  religion 
is  natural  to  man. 

In  attempts  to  estimate  the  religion  and  morals  of  savages  we 
must  avoid  the  error  of  treating  as  peculiar  to  them  sentiments  that 
with  more  or  less  modification  may  be  found  in  quite  diiBTerent  states 
of  society ;  and  when  the  opinions  of  a  whole  tribe  or  race  are 
described  by  a  traveller,  who  with  imperfect  knowledge  of  their 
language,  has  spoken  only  to  a  few  upon  difficult  subjects,  we  may 
well  hesitate  to  accept  any  general  statement  as  correct.  In  our  own 
country,  so  long  the  seat  of  highly-developed  rehgious  feelings  and 
ideas,  it  would  be  easy  to  find  thousands  of  persons  to  whom  the 
whole  subject  is  a  blank.  When  Captain  Burton,  strangely  denomi- 
nated by  Sir  J.  Lubbock,  '^  as  one  of  our  keenest  observers,"  says, 
''  The  negroes  believe  in  a  ghost  but  not  in  a  spirit  j  in  a  present 
immaterial  but  not  in  a  future  immaterial,"  the  evidence  is  upon 
the  face  of  it  worth  little.  It  is  highly  improbable  that  the  negroes 
in  question  have  any  notion  of  the  metaphysical  distinction  of  th6 
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'' material '^  and  the  ^^  immaterial/*  Captain  Burton's  preponde- 
rating perceptions  of  himself  and  his  want  of  the  power  of  appre- 
ciating any  character  diflferent  from  his  own,  make  him  a  bad  witness 
in  any  but  a  purely  objective  matter,  while  his  deplorably  bad  style 
of  writing  indicates  an  inability  to  distinguish  delicate  shades  of 
meaning  in  words. 

M.  Du  Chaillu,  speaking  of  the  negro,  says,  ''Ask  him  where  is 
the  spirit  of  his  great-grandfather,  he  says  he  does  not  know :  it  is 
done ;  ask  him  about  the  spirit  of  his  father  or  brother  who  died 
yesterday,  then  he  is  full  of  fear  and  terror :  he  believes  it  to  be 
generally  near  the  place  where  the  body  has  been  buried/* 
Although  M.  Du  Chaillu  may  possess  many  qualifications  superior  to 
those  of  Captain  Burton,  we  should  not  select  him  as  the  fittest 
person  for  an  inquiry  of  this  description.  Those  who  believe  ghost 
phenomena,  when  not  imposture,  to  be  entirely  subjective,  will 
readily  understand  why  the  majority  of  such  alleged  appearances 
should  be  of  human  beings  recently  dead,  and  who  left  a  strong  im- 
pression behind  them  on  the  memories  of  the  ghost  seers.  When 
legendary  tales  acquire  a  powerful  hold  over  the  imagination,  and  a 
story  has  grown  up  of  a  particular  sort  of  appearance,  we  find  that 
reproduced  for  just  the  same  reason  that  the  form  of  a  recently 
deceased  person  haunts  a  survivor.  The  mind  is  in  each  case 
strongly  impressed  with  an  image  which  its  excitement  invests  with 
objective  reahty.  That  savages  should  not  see  ghosts  of  their  great 
grandfathers,  and  should  see,  or  fancy  they  see,  ghosts  of  their 
deceased  father  or  brothers,  is  easily  explained  by  the  fact  that  if 
they  ever  knew  the  former  they  may  have  passed  out  of  their 
memory,  while  it  has  retained  the  more  recent  pictures  vivid  and 
distinct.  It  would  be  absurd,  without  further  inquiry,  to  assume 
that  when  the  negro  said  ''it  is  done,**  or  something  equivalent  to 
it,  he  meant  that  the  great-grandfather's  ghost  had  suffered  extinc- 
tion ;  and  no  such  negro  as  Captain  Burton  describes  is  at  all  likely 
to  have  pondered  over  the  distinction  between  "  immaterials,** 
"  present,**  and  "  future.** 

If  Sir  John  Lubbock  should  at  some  future  date  publish  a  more 
elaborate  work  on  this  subject,  we  recommend  him  to  pay  more 
attention  to  the  comparative  aspects  of  his  inquiry,  and  not  treat 
opinions  of  savages  without  reference  to  analogous  opinions  of  more 
advanced  races.  When  he  says,  "  Some  races  believe  in  ghosts  of 
the  living  as  well  as  of  the  dead,**  we  cannot  forget  that  many, 
conspicuous  of  reputation  for  scholarship  and  research,  have  done  the 
same,  and  fortified  themselves  with  the  text,  "  whether  in  the  body 
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or  out  of  the  body,  I  cannot  tell/'  As  an  illustration  of  his  asser- 
tion that  when  ideas  of  a  soul  and  future  life  are  more  developed, 
they  are  '^  far  from  taking  the  direction  of  our  belief,*'  he  tells  us 
that  "  the  Garibs  and  Redskins  believe  that  a  man  has  more  than 
one  soul;'*  and  he  adds,  "to  this  they  are  probably  led  by  the 
pulsation  of  the  heart  and  arteries,  which  they  regard  as  evidences 
of  independent  life/'*  Sir  John  is  a  man  of  too  much  real  learning 
not  to  be  perfectly  well  aware  that  various  schools  of  philosophers 
have  ascribed  a  complex  soul  or  spirit  to  man ;  and  if  the  Garibs 
and  Redskins  have  thought  the  matter  out  as  he  supposes,  they  will 
have  arrived  at  a  conclusion  bearing  analogy  to  the  distinction  now 
very  commonly  recognized  between  organic  and  mental  life. 
Nothing  that  he  states  warrants  the  conclusion  that  the  "  belief  in 
ghosts''  entertained  by  savages  is  essentially  different  from  our 
notions  of  a  future  life.  Their  ^'  ghosts,"  he  says,  ^'  are  mortal," 
but  no  precise  evidence  is  adduced  of  the  assertion ;  and  then  we 
are  told,  "  even  when  a  higher  stage  has  been  gained,  the  place  of 
departed  souls  is  not  a  heaven,  but  merely  a  better  world."  What 
of  that  ?  Was  the  Hades  of  the  Homeric  Greeks  as  good  as  earth  ? 
Did  the  Hindoos  or  Mohammedans  ever  give  a  picture  of  heaven  that 
was  not,  in  many  respects,  worse  than  modem  civilization  has  made 
earth  for  its  most  fortunate  individuals;  and  do  not  the  great 
majority  of  uneducated  Roman  Catholics  and  Protestants  picture 
the  heaven  of  their  aspiration  in  a  very  earthly  shape  ? 

Sir  John  Lubbock  traces  the  worship  of  stones  through  many 
races  and  many  ages,  and  with  a  little  more  pains  he  might  find  that 
all  the  leading  points  of  superstition  or  belief  amongst  savage  tribes 
reappear,  with  modifications,  in  more  developed  conditions  of  society. 

The  discussion  as  to  the  moral  character  of  savages  is  very  un- 
satisfactory, and  the  conclusion  that  "  the  lower  races  of  men  may 
be  said  to  be  quite  deficient  in  any  idea  of  right,  though  quite  fami- 
liar with  that  of  law,"  seems  to  have  been  arrived  at  without  due 
consideration.  It  is  no  peculiarity  of  savages  to  have  "  a  moral 
code  which  permits  them  to  rob  and  murder."  Civilized  man, 
making  a  war  of  conquest,  acts  upon  the  same  sort  of  code.  As 
soon  as  savages  live  in  associated  groups,  they  do  not  think  it  right 
to  take  all  opportunities  of  robbing  and  murdering  each  other, 
though  they  may  direct  attention  of  that  description  to  outsiders. 
If  at  Jenna,  "  When  a  town  is  deprived  of  its  chief,  the  inhabitants 
acknowledge  no  law,"  and  anarchy  begins.  "  The  same  thing  has 
occurred  in  Europe,  and  even  in  England,  when  the  Grown  was 
temporarily  vacant ;  and  if  "  the  Eijees  consider  offences  grave  or 
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light,  according  to  the  rank  of  the  oflfender/'  so  did  the  Anglo- 
Saxons^  in  arranging  their  schemes  of  pecuniary  compensation^ 
reckon  them  according  to  the  rank  of  the  person  against  whom  they 
were  committed ;  and  oar  own  law  provides  at  this  day  much  better 
means  of  punishing  the  petty  pilferings  of  the  poor  than  the  whole- 
sale swindlings  of  the  rich.  If  we  suppose  ideas  of  morality  to  haye 
grown  with  the  advance  of  society,  we  shall  perceive  that  honesty 
and  other  qualities  beneficially  affecting  others  would  have  a  very 
limited  range  of  operation  in  very  early  conditions,  and  would  extend 
in  area  as  improvements  took  place.  A  man  would  be  honest  to  hi» 
family,  to  some  extent  at  least,  while  he  might  think  it  praise- 
worthy to  be  successfully  dishonest  to  any  other  within  his  reach. 

Fidelity  to  his  own  tribe  might  easily  consist  with  gross  treachery 
towards  another  tribe,  and  those  who  praised  Ulysses  for  cunning 
did  not  expect  him  to  make  an  evil  use  of  that  property  against  his 
wife  or  his  friends.  When  it  helped  the  destruction  of  the  suitors, 
it  advanced  what  would  be  deemed  the  cause  of  moral  justice  ; 
but  had  it  been  wrongfully  turned  to  the  injury  of  Penelope,  it 
would  have  met  with  no  commendation  from  the  old  Greeks. 

To  ascertain  and  correctly  describe  the  mental  and  moral 
condition  of  rude  races,  is  a  task  that  would  be  extremely  difficult  to 
a  skilful  observer  well  acquainted  with  their  language  and  customs. 
It  is  quite  beyond  the  reach  of  the  bold  sportsmen,  the  fearless 
hunters,  and  men  of  physical  rather  than  intellectual  qualifications, 
who  constitute  the  majority  of  travellers  in  unexplored  regions.  We 
have  only  to  read  the  ordinary  books  of  men  who  have  courageously 
fought  their  way  amongst  barbarous  tribes,  treating  them  pretty  much 
as  the  wild  game  they  pursue,  to  see  how  little  reliance  can  be 
placed  upon  what  they  tell  us  when  they  leave  the  ordinary  details 
of  adventure  and  sport.  Sir  John  Lubbock  places  all  sorts  of 
travellers  upon  an  equality  as  to  evidence  of  matters  difficult  to 
ascertain.  We  cannot  say  he  has  done  his  best  to  elucidate  his 
subject,  but  we  hope  to  see  him  again  entering  upon  it  with  more 
leisure  and  more  thought. 
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No.  IV. 

Aktihokt  is  a  brilliant  white  metal^  with  a  high  metallic  lastre ;  it 
is  flaky^  and  easily  breaks  np ;  under  slight  pressure^  it  is  so  brittle 
that  it  can  be  reduced  to  a  fine  powder  in  an  ordinary  mortar.  It 
has  been  obtained  in  rhombohedral  crystals,  and  many  specimens 
of  the  metal  are  covered  superficially  with  arborescent  forms,  resem- 
bling fern  fronds.  It  is  largely  used  in  the  arts  to  give  hardness  to 
the  alloys  of  which  it  forms  a  part.  Britannia  metal,  which  is  used 
in  making  articles  for  domestic  purposes,  and  type  metal,  are  alloys 
of  antimony :  the  former  contains  also  brass,  tin,  bismuth,  and  lead ; 
the  latter  simply  lead — though  the  better  kinds  contain  tin  as  well. 
Although  antimony  is  a  very  brittle  metal,  it  seems  to  lose  this  pro- 
perty when  alloyed  with  others,  giving  to  the  mixtures  hardness,  as 
in  type  metal,  and  a  certain  amount  of  toughness,  as  in  Britannia 
metal.  An  alloy  of  antimony  and  iron  has  been  made,  which  is 
exceedingly  hard,  but  it  possesses  no  commercial  value.  Antimony 
is  sometimes  found  native,  but  its  most  common  ore  is  the  sulphide 
or  sesqui-sulphide,  which  contains  two  atoms  of  the  metal  and  three 
of  sulphur :  that  is,  by  weight,  twice  122  parts  of  antimony,  and 
three  times  82  parts  of  sulphur ;  the  atomic  weights  of  antimony  and 
sulphur  being  respectively  122  atfd  32. 

The  metal  can  be  obtained  from  the  sulphide  in  several  ways ;  but 
the  most  simple  is  to  fase  it  in  a  crucible  with  some  iron  filings. 
The  sulphur  unites  with  the  iron,  forming  sulphide  of  iron,  and  the 
metallic  antimony  sinks  to  the  bottom  of  the  crucible.  It  is  not, 
however,  pure ;  it  still  contains  arsenic,  which  is  a  constant  impurity 
of  this  met^rl,  and  iron,  with  perhaps  traces  of  copper  and  lead.  The 
method  of  freeing  it  fipom  these  impurities  is  too  complicated  for 
description  here ;  it  can  be  found  on  reference  to  Miller^s  '^  Elements 
of  Chemistry .'' 

Antimony  was  known  to  the  ancients,  and  was  used  as  a  cosmetic* 
Jezebel  is  said  to  have  painted  her  eyes  with  it ;  the  word  used  is 
stimium.  Stibium  is,  however,  the  name  given  to  it  by  the  ancients, 
but  stimium  is  also  used  for  it.  Antimony  was  known  to  the 
Arabians,  and  was  by  them  called  Atemed,  and  this  is  supposed  to 
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be  the  derivation  of  its  name,  thoagh  others  have  been  given,  one  of 
which  is  interesting,  though  highly  improbable.  It  is  said,  though 
the  story  does  not  rest  on  good  authority,  that  Basil  Valentine,  a 
monk  in  a  Benedictine  monastery  at  Erfurth  in  Saxony,  administered 
this  substance  to  some  of  the  monks,  who  died  from  its  effects,  and 
it  was  hence  called  Antimoine — ^hostile  to  monks.  The  alchemists 
made  ifrequent  use  of  antimony  in  their  endeavours  to  discover  an 
elixir  for  the  prolongation  of  human  life.  It  was  called  by  them 
Lupus  vorax  and  Satumis;  it  was  also  called  by  several  other 
names,  amongst  which  was  Alcohol.  The  Tetragonon  of  Hippocrates 
is  supposed  by  some  to  have  been  antimony.  The  sulphide,  not 
the  metal,  was  known  to  the  ancients,  and  they  obtained  an  impure 
oxide  by  roasting  it.  It  seems  to  have  been  pretty  generally  used 
for  painting  the  eyes,  especially  by  the  Moors,  who  introduced  it  into 
Spain. 

Chemically,  antimony  belongs  to  the  same  family  as  arsenic. 
Nitrogen,   phosphorus,   arsenic,   antimony,   and  bismuth,  all  have 
chemical  properties  so  much  resembling  one  another,  that  chemists 
class  them  in  one  group,  although  their  physical  properties  are  very 
different.     The  atomic  weight  of  arsenic  is  75,  that  of  antimony  122, 
and  it  is  found  that  antimony  and  its  compounds  differ  from  those  of 
arsenic  in  the  way  that  one  would  expect  from  this  difference  in  their 
atomic  weights.     Arsenic  is  volatilized  at  a  moderate  heat,  whereas 
it  requires  a  much  higher  temperature  to  convert  antimony  to  the 
state  of  vapour.     Arsenic  oxidizes  more  readily  than  antimony :  for 
the  former  metal,  by  simple  exposure  to  moist  air,  becomes  partially 
oxidized,  forming  the  substance  known  as  fly  powder ;  but  the  latter 
does  not  take  up  oxygen  in  moist  air,  it  only  does  so  at  high  tempe- 
ratures, when  it  bums  brilliantly,  forming  an  oxide  which  consists 
chiefly  of  the  higher  oxide.     Antimony,  like  arsenic,  forms  two  com- 
pounds with  oxygen,  one  in  which  the  proportions   are  twice  122 
parts  by  weight,   or  two  atoms  of  antimony,   to  three  times  16 
parts,  or  three  atoms  of  oxygen ;  and  the  second,  or  higher  oxide, 
contains  the  same  weight  of  the  metal  to  five  times  16  parts  by 
weight  of  oxygen.     Arsenious  acid,  the  lower  oxide  of  arsenic,  is 
slightly  soluble  in  water,  but  the  corresponding  oxide  of  antimony  is 
quite  insoluble.     Arsenic  acid  dissolves  readily,  but  antimonic  acid 
does  not  dissolve  at  all  in  water.     When  arsenious  acid  is  heated  it 
speedily  vaporizes,  but  the  oxide  of  antimony  is  much  less  easily 
volatilized.      This   difference   serves,   in  testing,  for  a   distinction 
between  the  two  substances. 

The  chloride  of  antimony,  which  corresponds  to  the  lower  oxide 
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commonly  called  batter  of  antimony^  is  a  transparent  solid,  having  a 
crystalline  appearance  not  unlike  the  compound  used  as  a  pomatum, 
which  is  made  by  dissolving  a  small  quantity  of  wax  in  olive  oil. 
This  chloride  is  easily  decomposed  by  water,  forming  an  oxychloride, 
which  was  formerly  called  the  Powder  of  Algaroth.  The  chloride  is 
used  in  the  arts  in  bronzing  gun-barrels.  A  very  important  com- 
pound of  antimony  is  the  artificial  sulphide.  It  is  used  as  a 
pigment  under  the  name  of  Antimony  Vermilion.  It  has  not, 
however,  the  brilliant  red  colour  of  the  true  vermiHon,  which  is  a 
sulphide  of  mercury.  But  by  far  the  most  interesting  to  the  toxi- 
cologist  of  all  the  antimony  salts  is  that  which  is  called  in  the 
pharmacopceia  Tartar  Emetic.  Its  chemical  composition  is  ex- 
plained by  regarding  it  as  hydric  tartrate  (tartaric  acid),  in  which 
one  atom  of  hydrogen  has  been  replaced  by  an  atom  of  potassium, 
and  a  second  atom  of  hydrogen  by  the  antimony  radical,  which  is 
represented  by  the  symbol  Sb  0 — that  is,  one  atom  of  antimony,  the 
symbol  for  which  is  Sb,  derived  from  the  latin  name  stibium,  and 
one  atom  of  oxygen.  This  body,  Sb  0,  has  no  separate  existence. 
It  cannot  be  obtained  alone ;  but  when  hydric  tartrate  reacts  upon 
antimonic  oxide,  which  it  readily  dissolves,  some  of  its  hydrogen 
unites  with  part  of  the  oxygen  of  the  oxide,  forming  water,  and  the 
remainder  of  the  oxygen  and  the  antimony  take  the  place  of  the 
hydrogen  which  the  tartrate  has  lost.  Now,  this  salt  of  antimony 
and  potassium  differs  very  materially  from  the  other  compounds  of 
antimony.  It  is  very  soluble  in  water,  whereas  the  others  are 
insoluble.  If  the  terchloride,  which  has  been  already  alluded  to,  or 
if  the  penta-chloride,  which  contains  more  chlorine,  be  thrown  into 
water,  the  water  immediately  becomes  milky,  owing  to  a  precipitate 
of  oxychloride  being  formed ;  but  no  such  effect  is  produced  by  the 
action  of  water  on  tartar  emetic. 

Tartar  emetic  is  made  by  boiling  the  acid  tartrate  of  potash  with 
oxide  of  antimony :  the  proportion  in  which  they  are  mixed  is  six 
ounces  of  the  former  to  five  ounces  of  the  latter.  After  boiling  and 
filtering,  the  salt  crystallizes  out  on  cooling.  This  substance  has 
been  long  used  in  medicine ;  at  one  time  it  was  largely  employed  in 
fevers  and  in  acute  inflammation,  sometimes  in  large,  sometimes  in 
small  doses,  but  of  late  years  it  has  almost  entirely  ceased  to  be 
employed  in  these  diseases.  It  is  a  powerful  emetic,  and  when  used 
for  this  purpose  it  is  given  in  doses  of  from  about  two  to  three 
grains.  Externally  it  is  very  efficient  as  a  counter-irritant,  and  is 
employed  in  the  form  of  an  ointment  or  in  solution  in  water.  But 
in  large  doses  it  is  an  irritant  poison,  and  its  effects,  as  such,  we  have 
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now  to  consider  especially.  Cases  of  poisoning  by  antimony  are  of 
rare  occurrence.  The  quantity  required  to  cause  death  is  in  most 
iuBtances  considerable;  this  is  no  doubt  owing  to  its  producing 
vomiting  almost  immediately  after  it  baa  been  swallowed.  Professor 
Forget^  of  Strasburg^  mentions  the  case  of  a  strong  man^  suffering 
from  acute  rheumatism,  who  took  a  dose  of  seventy-two  grains  after 
commencing  with  smaller  doses,  and  in  ten  days  he  took  as  much  as 
three  drachms  in  water.  Beck  relates  a  case  of  a  child  who  was 
killed  by  taking  fifteen  grains  of  tartar  emetic,  and  cases  are  recorded 
where  two  grains  in  an  adult,  and  three  quarters  of  a  grain  in  a 
child,  have  caused  death.  Death  has  also  followed  its  external  appli- 
cation. An  infant,  two  years  old,  died  in  forty-eight  hours  after  its 
spine  had  been  rubbed  with  the  ointment  of  tartar  emetic.  Very 
serious  effects  have  been  produced  by  moderate  doses  of  this  poison. 
A  case  is  quoted  by  Dr.  Christison,  from  the  "  Bulletin  des  Sciences 
Medicales,'^  of  a  woman  who  took  six  grains  wrapped  up  in  paper. 
She  was  seized  with  vomiting  in  half-an-hour,  which  soon  became 
bloody.  In  two  hours  the  decoction  of  cinchona  was  administered 
with  good  effect,  but  she  had  severe  [colic^  diarrhooa,  pain  in  the 
stomach,  and  some  fever.  She  was  not  cured  for  five  days.  When 
antimony  is  used  by  the  poisoner  it  is  generally  administered  in 
small  and  frequent  doses.  Of  late  years  it  has  been  employed  in 
this  way.  It  is  supposed  by  many  that  it  was  with  antimony,  not 
with  strychnine,  that  Palmer  poisoned  his  victim.  The  cases  of  Dove, 
Smethurst,  and  MacMullen  have  also  rendered  the  consideration  of 
antimony,  as  a  poison,  interesting  and  important. 

The  first  effect  produced  by  tartar  emetic  is  that  of  sickness :  if 
all  the  substance  be  got  rid  of,  no  great  inconvenience  is  felt.  Its 
taste  is  extremely  unpleasant,  being  metallic,  or,  as  it  is  termed, 
styptic.  It  affects  the  throat  and  mouth,  rendering  them  sore,  pro- 
ducing a  feeling  of  tightness ;  there  is  a  burning  pain  about  the  pit 
of  the  stomach ;  sometimes  this  pain  extends  over  the  whole  abdomen, 
and  is  accompanied  by  purging  and  colic  pains.  Cramps  also  are 
tolerably  constant  symptoms.  There  may  be  tetanic  spasms  and 
delirium ;  and  death  may  occur  in  the  state  of  collapse.  Sometimes 
its  effects  resembles  cholera,  "  An  apothecary  sold  tartar  emetic  by 
mistake  for  cream  of  tartar;  the  quantity  taken  was  about  a  scruple 
(twenty  grains).  A  few  moments  afterwards  the  patient  complained 
of  pain  in  the  stomach,  then  of  a  tendency  to  faint,  and  at  last  was 
seized  with  violent  bilious  vomiting.  Soon  after  that  he  felt  colic 
pains,  extending  through  the  whole  bowels,  and  accompanied  ere 
long  with  profuse  and  unceasing  diarrhoea.     The  pulse  at  the  same 
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time  was  small  and  contracted^  and  his  strength  failed  completely ; 
but  the  symptom  which  distressed  him  most  was  frequent  rending 
cramp  in  the  legs.  He  remained  in  this  state  for  about  six  hours^  and 
then  recovered  gradually  under  the  use  of  cinchona  and  opium^  but 
for  some  time  afterwards  he  was  hable  to  weakness  of  digestion/'* 
When  tartar  emetic  produces  death,  it  may  occur  quickly,  in  a  few 
hours,  or  the  patient  may  live  several  days.  This,  however,  will 
depend  much  on  the  quantity  taken.  After  death  the  stomach  is  found 
to  be  affected,  also  the  intestines ;  in  some  cases  the  lungs  have  been 
congested,  and  the  brain,  it  is  said,  has  been  implicated.  Experi- 
ments on  animals  have  shown  that  the  blood  remains  fluid.  Tartar 
emetic  is  decomposed  by  many  organic  substances,  such,  for  instance, 
as  tannin,  decoction  of  cinchona  bark,  and  these  render  it  harmless 
by  forming  with  the  oxide  of  antimony  insoluble  compounds ;  they 
are,  therefore,  good  antidotes.  After  promoting  vomiting  mechani- 
cally, or  by  giving  large  draughts  of  water,  decoction  of  bark  should 
be  administered — that  of  yellow  bark  (chincona  flava)  is  best;  or 
bark  in  powder  may  be  employed.  Tea,  which  contains  tannin,  may 
also  be  given;  the  stomach-pump  may  too  be  used.  When  in- 
flammation of  the  stomach  has  been  obstinate,  bleeding  has  been 
resorted  to.  Opium  is  also  recommended.  Tartar  emetic  has  been 
used  to  detect  persons  suspected  of  making  free  with  drinkables 
which  do  not  belong  to  them ;  it  has  been  put  into  wine  and  other 
drinks  for  this  purpose.  After  what  has  been  said,  it  will  be  clear 
to  all  that  this  substance  is  one  which  is  too  dangerous  to  be  trifled 
with,  and  that  nothing  can  justify  its  employment  in  such  a  manner.' 
Chloride  of  antimony  (butter  of  antimony)  has,  when  taken, 
caused  death.  It  is  extremely  corrosive  in  its  action ;  Dr.  Taylor 
relates  cases  in  which  its  eSects  have  been  very  marked.  In  one 
case,  that  of  an  army  surgeon  who  swallowed  two  or  three  ounces 
for  the  purpose  of  committing  suicide,  there  was  entire  prostration 
of  strength,  excruciating  griping  pain  in  the  bowels.  In  the  course 
•of  a  few  hours  reaction  took  place,  the  pain  subsided,  and  the  pulse 
rose  to  120.  The  patient  desired  to  sleep,  and  appeared  as  if  under 
the  influence  of  a  narcotic ;  he  continued  in  this  state,  and  died  in 
ten  hours  and  a  half.  From  the  mouth  downwards,  the  stomach  and 
the  part  of  the  intestines  joining  it  were  black,  as  though  they  had 
been  charred.  There  was  hardly  any  of  the  mucous  membrane 
remaining,  and  the  parts  were  so  soft  that  they  could  be  easily  torn 
with  the  fingers.  The  treatment  recommended  when  chloride  of 
antimony  has  been  taken,  is  the  same  as  that  for  tartar  emetic.    The 

•  Quoted  by  Chrifltison  from  «'  Orfila  Toxicol."  i.  74. j 
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analysis  for  antimony  is  extremely  interesting ;  because,  incautiously, 
tartar  emetic  may  have  been  given  as  an  emetic,  when  other  poisons 
have  been  taken.  In  treating  of  arsenic  it  was  mentioned  that  this 
substance  should  not  be  used  for  such  a  purpose,  as  it  must  neces- 
sarily complicate  the  analysis.  As  it  may  be  used,  it  is  especially 
necessary  that  the  analyist  should  be  careful  that  he  does  not  mistake 
small  quantities  of  antimony  for  arsenic,  and  that  in  poisoning  by 
arsenic,  where  antimony  has  been  administered  as  a  remedy,  he 
should  be  careful  to  make  a  distinct  separation  between  the  two 
substances,  if  he  should  find  them  present.  Tartar  emetic  is  usually 
met  with  as  a  white  powder.  It  may  be  found  in  crystals ;  their  form 
is  tretrahedral,  more  often  octohedral.  These  crystals  are  efflorescent ; 
that  is,  they  slowly  part  with  their  water  of  crystallization  and  become 
reduced  to  a  powder,  just  as  do  the  crystals  of  common  washing 
soda. 

When  in  a  state  of  powder  tartar  emetic  has  sometimes  a  yellow- 
ish colour.  It  is  very  readily  soluble  in  water,  and  in  this  respect  it 
resembles  corrosive  sublimate,  and  differs  from  arsenious  acid.  If 
the  powder  be  treated  with  caustic  soda,  no  change  in  its  appearance 
takes  place ;  in  this  respect  it  resembles  arsenious  acid,  and  differs 
from  corrosive  sublimate,  which  is  changed  to  a  yellow  colour  by 
soda  or  potash.  If  ammonic  sulphide  be  dropped  upon  it,  a  deep 
orange  colour  is  produced,  and  round  the  edges  a  brown  tint  appears* 
Arsenious  acid  is  not  changed  by  ammonic  sulphide  till  the  ammonia 
has  evaporated,  when  it  assumes  a  canary  yellow  colour,  and  corrosive 
sublimate  is  immediately  turned  black  by  the  action  of  ammonic 
sulphide.  If  then  this  substance  be  tested  in  powder,  it  is  very  easy 
to  distinguish  it  from  the  two  other  poisons  we  have  considered. 
The  effects  of  heat  on  arsenious  acid  and  corrosive  sublimate  have 
been  already  pointed  out.*  "When  tartar  emetic  is  heated  it 
behaves  very  differently  from  both  these  substances  :  it  first  crepi- 
tates, the  crystals  crack  and  fly  about ;  it  then  chars  and  becomes 
black,  and  if  it  be  heated  strongly  on  charcoal  the  metal  is  reduced 
and  a  bright  globule  of  metallic  antimony  is  seen  glistening  in  the 
midst  of  the  heated  carbon.  The  blow-pipe  should  be  used  to  obtain 
this  result.  In  solution  tartar  emetic  may  be  discovered  in  the  fol- 
lowing manner.  If  hydrio  chloride  (hydrochloric  acid)  be  dropped 
into  a  solution  containing  tartar  emetic,  very  slowly,  a  white  preci- 
pitate is  formed,  and  this  is  redissolved  on  addition  of  more  hydrio 
chloride.  If  hydric  sulphide  (sulphuretted  hydrogen  gas)  be  now 
passed  into  the  solution,  a  rich  orange-coloured  sulphide  is  precipi- 
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tated.  Hydrio  chloride  produces  no  apparent  change  in  a  solution 
of  arsenious  acid,  nor  in  one  of  corrosive  sublimate,  and  hydrio 
sulphide  gives  a  yellow  precipitate  in  the  one  and  eventually  a  black 
precipitate  in  the  other.  And  here  it  is  necessary  to  be  cautious,  for, 
at  first,  hydrio  sulphide  gives  a  yellowish  orange  precipitate  with  a 
solution  of  corrosive  sublimate,  and  it  is  only  when  the  gas  is  in 
excess  that  the  precipitate  becomes  black.  The  author  has  often 
known  inexperienced  persons  mistake  this  precipitate  by  not  con- 
tinuing the  passage  of  the  hydrio  sulphide  for  a  sufficient  time 
through  the  liquid.  The  sulphide  of  antimony  is,  like  that  of  arsenic, 
soluble  in  ammonic  sulphide ;  and  by  this  reaction,  should  antimony 
occur  mixed  with  mercury  or  lead,  it  can  be  readily  separated  from 
them,  for  neither  of  their  sulphides  is  soluble  in  ammonic  sulphide. 
When  antimony  occurs  with  the  copper,  after  their  sulphides  have 
been  obtained,  ammonic  sulphide  should  not  be  used  to  dissolve  the 
sulphide  of  antimony,  as  it  also  dissolves  to  a  very  appreciable  extent 
the  sulphide  of  copper ;  in  this  case  the  best  solvent  to  be  used  for 
the  antimonious  sulphide  is  sodic  sulphide,  which  has  no  solvent 
effect  on  cupric  sulphide :  in  fact,  it  is  always  better,  when  we  have  a 
mixture  of  sulphides,  to  use  first  sodic  sulphide  as  a  solvent ;  for  it 
dissolves  the  sulphides  of  arsenic,  antimony,  mercury,  and  of  another 
metal,  tin  (a  metal  to  be  briefly  considered  in  a  future  article),  and 
leaves  those  of  copper  and  the  other  metals  undissolved ;  and  then  to 
reprecipitate  the  dissolved  sulphides  by  means  of  hydric  chloride ; 
and  after  that,  to  treat  them  with  ammonic  sulphide,  which  will 
dissolve  all  but  mercuric  sulphide  :  in  this  way  we  get  a  better  and 
more  perfect  separation  than  by  any  other — at  least,  a  separation  into 
groups  generally,  though  mercury  is  isolated.  We  shall  now  con- 
eider  the  way  in  which  the  sulphides  of  arsenic  and  antimony  can  be 
separated,  and  the  metals  distinguished,  when  present  together.  It 
has  been  stated  that  arsenious  sulphide  is  soluble  in  ammonic  car- 
bonate;* antimonious  sulphide  is  not  so.  Again,  arsenious  sul- 
phide is  not  soluble  in  hydric  chloride,  and  antimonious  sulphide  is. 
By  either  or  both  these  methods  the  two  sulphides  can  be  separated. 
In  performing  the  last  reaction  it  is  well  to  filter  the  sulphides  from 
the  supernatant  liquid,  and  then  to  treat  them  with  the  smallest 
quantity  of  hydrochloride  which  is  sufficient  to  dissolve  the  antimo- 
nious sulphide,  then  to  filter  off  the  undissolved  arsenious  sulphide, 
and  to  the  liquid  containing  the  antimonious  sulphide  to  add  water  ; 
the  sulphide  will  be  again  precipitated  from  the  solution  by  the 
water,  and  will  be  recognized  by  its  orange  colour.     Or  if  a  portion 
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of  tho  solution  of  antimonious  sulphide  in  liydric  chloride  be  boiled 
till  all  smell  of  hydric  sulpliide  Has  disappeared^  and  if  water  then 
be  added^  a  white  precipitate  of  oxychloride  of  antimony  will  be 
obtained.  These  reactions  are  very  distinctive,  and  go  very  far  to 
prove  the  presence  of  antimony.  Marsh's  test,  which  has  been 
described  in  the  article  on  arsenic,*  is  also  applicable  to  the  detec- 
tion of  antimony.  Antimony,  like  arsenic,  forms  a  gaseous  compound 
with  hydrogen.  If  into  a  Marsh's  apparatus  a  liquid  containing 
antimony  be  poured,  hydric  antimonide  will  issue  from  the  delivery 
tube ;  if  the  gas  be  ignited,  it  will  burn  with  a  peculiar  flame,  some- 
what like  that  produced  by  the  combination  of  hydric  arsenide,  but 
still  exhibiting  sufficient  difiference  from  it  to  enable  a  practised  eye 
to  detect  it.  If  into  this  flame  a  piece  of  cold  white  porcelain  be 
placed,  metallic  antimony  will  be  deposited  on  it  in  the  form  of  a 
dense  black  cloud.  In  appearance  this  deposit  differs  from  that  of 
arsenic  obtained  in  the  same  manner ;  it  is  blacker,  more  dense,  less 
diflused,  and  where  it  is  thin  has  a  slate  rather  than  a  brown  tint, 
which  is  characteristic  of  arsenic.  The  deposit  of  arsenic  obtained 
in  this  way  from  Marsh's  apparatus  is  soluble  in  a  solution  of  bleach- 
ing powder,  whereas  that  of  antimony  is  not.  When  the  delivery 
tube  through  which  the  hydric  antimonide  is  escaping  from  the 
Marsh's  apparatus  is  heated  in  one  place,  a  deposit  of  metallic  anti- 
mony will  take  place  in  the  form  of  a  blackish  ring,  having  a  metallic 
lustre.  This  ring  will  be  deposited  nearer  the  flame  of  the  lamp 
with  which  the  tube  is  heated  than  is  the  case  with  arsenic,  and  its 
tint  will  differ  from  that  of  the  arsenic  deposit,  just  as  the  tints  of 
the  deposits  on  porcelain  differ.  Sometimes  the  deposit  of  antimony 
takes  place  on  both  sidles  of  the  heating  flame,  and  this  is  owing  to  the 
fact  that  antimony  is  less  volatile  than  arsenic.  When  the  delivery 
tube  is  detached,  and  the  metallic  deposit  heated  carefully,  air  being 
allowed  to  pass  slowly  through  the  tube,  it  will  be  found  that 
antimony  longer  resists  the  action  of  atmospheric  oxygen  than  the 
arsenic :  for,  in  the  case  of  arsenic,  the  metal  soon  disappears,  and 
StOmewhere  beyond  it,  and  at  some  distance  from  where  it  was  situ- 
ated, a  ring  of  white  crystals  of  oxide  of  arsenic  (arsenious  acid) 
appears  j  but  it  takes  some  time,  and  a  higher  temperature,  to 
oxidize  the  antimony.  When  antimony  is  oxidized  in  this  manner 
its  oxide  is  always  formed  close  to  where  the  antimony  was,  because 
it  is  but  slightly  volatile,  and  the  deposited  oxide  is  much  more 
dense  and  less  crystalline  than  that  of  arsonious  acid,  though  it 
resembles  it  in  colons,  being  white.     Suppose  the  two  metals  were 
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oxidized  together  in  the  same  tube^  arsenious  acid^  as  we  know^  is 
soluble  in  water,  but  oxide  of  antimony  is  not ;  therefore,  if  the  part 
of  the  tube  containing  the  two  oxides  be  cut  off  and  boiled  in  water,  the 
arsenic  will  be  dissolved  and  the  antimony  left,  and  in  this  way  they 
can  be  separated.  Perhaps  the  neatest  and  best  method  of  sepa- 
rating arsenic  and  antimony  is  to  place  the  delivery  tube,  from  which 
their  compounds  with  hydrogen  are  escaping  from  a  Marsh's  appa- 
ratus, in  a  solution  of  argentic  nitrate  (nitrate  of  silver).  It  has  been 
seen  that  hydric  arsenide  decomposes  argentic  nitrate,*  and  that 
arsenious  acid  is  found  in  the  solution,  and  metalUc  silver  is  precipi- 
tated, the  arsenic  not  being  suflBciently  powerftd  to  unite  with  the 
silver.  Antimony  under  the  same  circumstances  does  unite  with 
silver,  forming  argentic  antimonide,  which  is  a  black  insoluble  sub- 
stance; so  that  when  the  two  gases,  hydric  arsenide  and  hydric 
antimonide,  are  passed  into  a  solution  of  argentic  nitrate,  arsenious 
acid  is  formed,  which  is  dissolved,  and  argentic  antimonide,  which  is 
precipitated.  If  now  the  antimonide  be  filtered  off  from  the  liquid, 
and  be  very  carefully  washed,  the  antimony  can  be  got  from  it  by 
boiling  it  in  hydric  tartrate  (tartaric  acid)  in  an  open  vessel;  it 
must  be  stirred  frequently  so  as  to  bring  the  antimony  in  contact 
with  the  oxygen  of  the  air  by  which  it  is  oxidized,  and  hydric  tar- 
trate readily  dissolves  oxide  of  antimony.  The  antimony  may  be 
■detected  in  the  solution  after  filtration,  by  hydric  sulphide,  which 
will  throw  it  down  as  an  orange  precipitate. 

Beinsch's  test  has  been  applied  to  the  detection  of  antimony. 
It  is  not  very  trustworthy  in  testing  for  arsenic;  it  is  less  so  in 
testing  for  antimony.  Metallic  antimony  is  precipitated  from  its 
solutions  by  metallic  copper ;  the  usual  colour  of  the  precipitate  is 
violet,  though  it  is  often  brown  and  black.  It  has  been  proposed  to 
dissolve  the  antimony  off  the  copper  by  boiling  it  in  an  alkaline 
solution  of  potassic  permanganate.  This  process  does  not  give 
satisfii<)tory  results,  and  is  liable  to  this  objection — that  it  introduces 
a  strange  metal  into  the  analysis,  which  has  to  be  got  rid  of  directly 
afterwards.  The  antimony  can  be  slowly  dissolved  off  copper  by 
boiling  it  in  a  solution  of  caustic  soda,  or  potash ;  the  air  oxidizes 
the  natimony,  thus  rendering  it  soluble  in  the  alkali,  but  if  arsenic 
were  present  it  would  be  dissolved  also :  this  process,  therefore,  is 
not  a  means  of  separating  the  two  metals.  The  method  of  detecting 
antimony  and  of  separating  it  from  other  metals,  especially  from 
aorsenic,  has  been  dwelt  on  at  some  length,  because  it  may  possibly 
he  present  in  a  substance  to  be  analyzed,  it  having  been  administered 
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as  a  remedy.  No  great  reliance  should  be  placed  on  the  colours  of 
sulphides  in  performing  an  analysis,  as  they  often  vary  very  much 
from  their  normal  colour,  and  in  toxicological  investigations  they  are 
often  masked  by  the  presence  of  other  substances.  Nothing  should 
satisfy  the  analyst  but  the  obtaining  all  the  reactions  known^ 
which  can  be  obtained  with  the  poisons  suspected  to  be  present ;  for 
when  so  important  and  serious  an  issue  as  the  life  of  a  fellow- 
creature  often  hangs  upon  the  accuracy  of  his  determination,  he 
must  be  satisfied  with  nothing  short  of  absolute  proof.  A  case  has 
occurred  during  the  last  few  years  in  which  those  unaccustomed  to 
the  diflScult  task  of  analysis  have,  from  the  colour  of  a  precipitate 
and  a  few  reactions,  pronounced  with  confidence  on  the  presence  of  a 
poison,  which  it  was  eventually  proved  had  not  been  administered. 
The  chloride  or  butter  of  antimony,  which  has  on  several  occasions 
produced  poisonous  eflfects,  is,  when  pure,  a  white  crystalline  sohd ; 
it  is,  however,  generally  met  with  as  a  yellow  liquid.  The  reactions 
already  described  serve  to  detect  it.  In  one  important  respect, 
however,  it  differs  from  tartar  emetic  when  brought  into  contact  with 
water — ^it  does  not  mix  with  it,  but  is  decomposed,  a  white  pre- 
cipitate being  formed.  When  in  solution,  this  will  serve  to  distin- 
guish it  from  tartar  emetic. 

Lead  is  perhaps  the  most  important  of  all  the  metals  whose  salts 
are  poisonous,  because  it  is  one  so  much  used  in  the  arts,  in  commerce, 
and  in  the  business  of  common  life.  For  years  past  the  water  we 
drink  has  been  stored  in  leaden  cisterns,  and  has  been  conveyed  by 
leaden  pipes.  Beer  and  other  potable  liquors,  from  the  manner  in 
which  they  have  been  made,  and  from  the  way  in  .which  they  have 
been  served  out  for  use,  have  been  brought  into  contact  with  lead^ 
and  have  been  the  cause  of  serious  mischief,  sometimes  ending  in 
death.  For  the  decorations  of  our  houses,  for  the  enamelling  of 
jewellery  and  metal  ornaments,  for  the  manufacture  of  glass,  for  the 
glazing  of  cards,  for  the  storing  of  tea,  snuff,  and  other  articles  of 
food  and  luxury,  which  require  to  be  kept  from  the  action  of  the  air, 
and  for  other  purposes  too  numerous  to  mention,  lead  is  held  in 
requisition.  So  useful  a  metal  is  lead,  that  in  treating  of  its  dele- 
terious effects  on  the  human  frame,  one  can  hardly  recount  the 
injuries  it  inflicts  on  us,  without  showing  how  far  they  are  out- 
numbered by  the  benefits  which  it  confers;  and  that  with  but 
moderate  care  the  former  may  be  almost  entirely  avoided.  As  a 
poison,  lead  has  been  rarely  used  by  the  murderer  or  the  suicide,  for 
its  action  is  slow,  and  cases  of  acute  poisoning  by  salts  of  this  metal 
are  rare.     The  most  serious  effects  produced  by  it  are  those  which 
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follow  its  gradual  introduction  into  the  system,  by  whatever  cause 
this  may  be  brought  about.  The  metal  lead  is  not  a  poison,  but 
from  the  readiness  with  which  it  is  acted  upon  by  moisture  in  the 
presence  of  air,  and  by  acid  liquids,  it  soon  forms  compounds  which 
are  very  injurious  in  small  quantities,  and  which  become  fatal  in  their 
action  when,  by  accumulation,  those  small  quantities  become  large 
ones.  The  appearance  which  lead  presents  is  so  familiar  to  all,  that 
it  is  needless  to  describe  it.  The  metal  is  so  soft  that  it  can  be 
rolled  into  sheets  with  comparative  ease  or  drawn  into  wire ;  but  it  is 
wanting  in  tenacity,  it  will  not  bear  a  strain.  Unlike  most  other 
metals,  when  lead  is  expanded  by  heat,  it  does  not  contract,  on 
cooling,  to  its  original  size  j  this  is  seen  in  lead  roofing  which  is 
exposed  to  the  sun's  rays,  and  in  sinks  which  are  exposed  to  changes 
of  temperature,  from  the  hot  and  cold  water  which  is  poured  into 
them,  for  the  lead  buckles,  as  it  is  termed,  and  folds  or  creases  in- 
terrupt its  even  surface. 

The  most  common  ore  of  lead  is  the  sulphide ;  it  is  called  galena ; 
and  from  this  the  metal  is  usually  extracted  by  a  very  interesting 
process.     The  sulphide  is  roasted  in  a  closed  furnace,  to  which  air 
can  be  admitted.    The  oxygen  of  the  air  removes  part  of  the  sul- 
phur from  the  sulphide,  forming  sulphurous  acid  (a  gas  well  known, 
by  its  unpleasant  smell  and  irritating  effects  on  the  mucous  mem- 
brane, to  travellers  on  the  Metropolitan  Eailway),   and  the  lead 
thus   freed  from  sulphur  takes  oxygen  in  its  place,  and  becomes 
plumbic  oxide.     Plumbic  sulphate  is  also  formed  by  the  oxidation  of 
another  portion  of  the  sulphide.     When  this  operation  has   con- 
tinued for  some  time,  air  is  excluded  from  the  furnace,  and  now  the 
oxygen  of  the  plumbic  oxide  and  of  the  sulphate  acts  upon  the 
undecomposed  sulphide,  taking  from  it  its  sulphur,  and  the  sulphur 
of  the  sulphate,  with  its  remaining  oxygen,  leaves  the  lead ;  and  thus 
in  both  cases  the  lead  remains  as  metal,  whereas  the  other  elements, 
sulphur  and  oxygen,  escape  as  sulphurous  acid.     The  silver,  which 
is  present  in  small  quantities,  is  removed  by  a  process  called,  after 
its  inventor,  Pattinson's  process,  and  about  300  ounces  of  silver 
are,  by  it,  obtained  from  a  ton  of  lead.     The  salts  of  lead  most  com- 
monly met  with,  and  which  have  been  known  to  produce  poisonous 
effects,  are :  the  oxide,  or  Htharge,  red  lead ;  the  acetate,  or  sugar  of 
lead ;  and  the  carbonate,  or  white  lead ;  the  nitrate,  sulphate,  and 
chloride  are  also  used  in  the  arts.     The  characters  and  composition 
of  these  salts  will  be  considered  with  the  analysis  for  lead. 

For  a  long  time  past  it  has  been  the  custom  to  store  water  in  lead 
cisterns,  and  to  conduct  it  through  lead  pipes ;  but  of  late  years,  slate 
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and  other  less  objectionable  materials  have  come  into  use  for  cistems^, 
and  gutta  percha  has  been  used  for  pipes ;  but  where  lead  is  still 
employed,  the  pipes  are  generally  coated  inside  with  tin.    The  use  of 
lead  for  such  purposes  is  most  objectionable,  as  will  be  seen  from 
what  follows : — If  a  bright  sheet  of  lead  be  exposed  to  the  air,  it 
gradually  becomes  dull  or  tarnished ;  the  presence  of  moisture  is, 
however,  necessary  to  produce  this  effect.     The  dulness  is  owing  to 
the  formation  of  oxide  on  the  surface  of  the  lead;  and,  if  the  lead  be 
in  contact  with  water,  this  oxide  is  dissolved.     The  carbonic  add  of 
the  air,  acting  on  the  plumbic  oxide,  forms  a  kind  of  carbonate,  which 
chemists  call  a  basic  carbonate — that  is,  in  the  same  compound  with 
the  carbonate  there  is  also  a  certain  quantity  of  the  hydrated  oxide, 
or  hydrate  of  lead.    This  carbonate  is  very  nearly  insoluble,  and  as  it 
leaves  the  surface  of  the  lead  a  new  surface  is  exposed  to  oxidation, 
and  thus  the  metal  gradually  becomes  converted  into  salts  of  lead, 
which  find  their  way  into  the  water.    These  changes  take  place  more 
largely  and  with  greater  rapidity,  according  as  the  water  is  pure  or 
impure.    Pure  water  has  the  mdst  rapid  solvent  action  on  lead.    The 
presence  of  certain  salts  in  water  prevent  its  entering  into  solution. 
Calcic  hydro-carbonate    (the   salt   of  lime  which  usually  exists  in 
spring  water)  has  a  marked  effect  in  keeping  it  free  from  lead  when 
it  is  in  contact  with  that  metal,  for  the  lead  becomes  coated  with 
plumbic  carbonate,  which  is  insoluble,  and  so  its  surface  is  protected 
from  further  corrosion — it  seems  to  act  afe  a  coat  of  paint.     Organic 
matter,  whether  vegetable  or  animal,  which  is  found  in  such  large 
quantities  in  rivers  and  ponds,  when  it  is  decomposed,  gives  rise, 
by  the  oxidation  of  its  nitrogen,  to  the  formation  of  nitrates  and 
nitrites.     These  compounds  act  upon  lead,  and  cause  it  to  enter  into 
solution.    Chlorides  als5  act  in  a  similar  manner.    Lead  may  be  kept 
without  tarnishing  in  water  that  has  been  boiled,  as,  by  boiling,  the 
air  has  been  excluded,  and  without  oxygen  the  lead  cannot  become 
oxidized.     There  is  no  doubt  that,  with  constant  attention,  water 
might  be  kept  in  leaden   cisterns   without    taking   up   sufficient 
quantity  of  lead  to  be  injurious.     In  fact,  we  know  that  for  the 
quantity  of  leaden  cisterns  used,  the  cases  of  injury  from  lead  taken 
in  ordinary  drinking  water  are  rare,  and  for  this  we  have  to  thank 
the  impurity  of  the  water  with  which  we  are  supplied.     But  many 
cases  have  occurred  of  impaired  health  which  have  been  clearly 
traced  to  the  water  which  the  sufferers  have  drank ;  and  who  knows 
but  that  many  of  the  ailments  which  trouble  us — such,  for  instance, 
as  impaired  digestion — may  not  be  aggravated,  or  even  caused,  by 
taking  lead  frequently,  although  in  very  small  quantities ;  for  it  must 
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be  "remembered  that  it  is  a  sabstance  wbicli  accumulates  in  the  system^ 
and  only  makes  its  presence  known  after  it  has  established  itself  in 
force  so  considerable  that  its  attacks  are  violent  and  often  fatal^  and 
that  it  can  only  be  removed  with  difficulty,  when  detected.  It  is  to 
be  hoped  that  in  time  lead  cisterns  and  pipes  will  altogether  give 
place  to  others  made  of  materials  which  cannot  in  any  way  prove 
injurious. 

So  long  ago  as  the  time  of  Augustus  it  was  well  known  that 
water  in  contact  with  lead  was  liable  to  contain  salts  of  that  metal ; 
and,  as  a  consequence,  the  Roman  architect,  Vitruvius,  prohibited 
its  use  in  the  construction  of  pipes  for  conducting  water.  Galen 
discountenanced  lead  vessels  for  storing  water,  as  well  as  lead  pipes. 
He  knew  the  properties  of  the  metal,  and  that  water  containing  lead 
affected  the  persons  who  drank  it  with  dysentery.  A  family  in  the 
town  of  Worcester  was  subject  to  constant  attacks  in  the  stomach 
and  bowels ;  eight  of  the  children  and  both  the  parents  died  in  con- 
sequence. The  house  being  sold  after  their  death,  the  purchaser  found 
it  necessary  to  repair  the  pump,  because  the  cylinder  and  cistern 
were  riddled  with  holes  as  thin  as  a  sieve.  The  plumber  who  re- 
'  newed  it  informed  Dr.  Wall,  who  relates  the  story,  that  he  had 
repaired  it  several  times  before,  and  in  particular  had  done  so  not 
four  years  before  the  former  occupant  died.* 

At  Tunbridge  in  1814  leaden  pipes  were  used  for  conducting 
water ;  there  were,  after  a  few  months,  many  cases  of  what  is  termed 
lead  colic ;  one  person  who  drank  largely  of  water  lost  the  use  of  her 
limbs  for  a  time.  Iron  pipes  were  used  to  replace  the  lead  ones, 
and  immediately  the  colic  disappeared.  The  water  was  analyzed  by 
Mr.  Brande,  who'  found  that  it  contained  lead.  Dr.  Christison,  who 
has  carefully  examined  this  subject,  and  from  whose  treatise  on 
poisons  the  above  cases  are  taken,  expresses  his  conviction,  after 
experiment,  that  tho  water  supplied  at  Tunbridge  could  not  pass 
through  lead  pipes  or  be  stored  in  lead  cisterns  without  becoming 
impregnated  with  lead.  He  also  mentions  another  interesting  case 
of  a  gentleman  in  Dumfriesshire,  who  resolved  to  bring  to  his  house 
in  leaden  pipes  the  water  of  a  fine  spring  on  his  estate,  from  a 
distance  of  three-quarters  of  a  mile.  He  says,  as  I  happened  to 
visit  him  at  the  time,  I  took  the  opportunity  of  examining  the  action  of 
a  tumbler  of  the  water  on  fresh- cut  lead,  and  could  not  remark  any  per- 
ceptible eflToct  in  fourteen  days.  It  appeared  to  me,  therefore,  that  the 
water  might  be  safely  conveyed  in  lead  pipes,  and  they  were  accord- 
ingly laid.     No  sooner,  however,  did  tho  water  come  into  use  in  the 

*  Trans,  of  London  College  of  Pbysiciftns,  ii.,  400. 
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family^  than  it  was  observed  to  present  a  general  white  haze^  and  the 
glass  decanters  in  daily  use  acquired  a  manifest  white^  pearly  incrusta- 
tion .  On  examining  the  cistern,  the  surface  of  the  water,  as  well  as  that 
of  the  cistern  itself,  where  it  was  in  contact  with  it,  was  found  com- 
pletely white,  as  if  coated  with  paint;  and  the  water  taken  from  the 
pipe,  though  transparent  at  first,  became  hazy  and  white  when 
heated  or  lefb  some  hours  exposed  to  the  air.  On  afterwards  analyzing 
the  water  direct  from  the  spring,  I  found  it  of  very  unusual  purity,  as 
it  contained  scarcely  a  20,000th  of  solid  ingredients,  which  were 
sulphates,  chlorides,  and  carbonates.  It  is  easy  to  perceive  why  the 
experiment  with  a  few  strips  of  lead  in  a  tumbler  was  not  a  correct 
representation  of  what  was  subsequently  to  go  on  in  the  pipes ;  in 
fact,  as  the  pipes  were  four  thousand  feet  long,  and  three-fourths  of 
an  inch  in  diameter,  each  portion  of  water  may  be  considered  as 
passing  successively  over  no  less  than  784  square  feet  of  lead  before 
being  discharged  It  will  be  seen  from  this  case  that  although  a 
chemist  of  great  practical  experience  considered  it  safe  to  use  lead  pipes, 
judging  from  his  experiments,  yet,  by  the  more  perfect  contact  with 
the  lead,  the  water  was  rendered  unfit  for  use  owing  to  its  impregna- 
tion with  the  lead.  The  practice  of  using  lead  pipes  for  beer  engines 
is  most  reprehensible,  unless  they  are  protected  by  some  metal  not 
acted  upon  by  the  acids  of  beer.  Formerly  serious  accidents  occurred 
before  the  discovery  of  a  method  for  easily  and  cheaply  lining  lead 
pipes  with  tin.  The  beer  which  remained  in  the  pipes  all  night, 
dissolved  sometimes  a  considerable  quantity  of  lead,  and  those  who 
applied  for  drink  in  the  early  morning  often  sufiered  very  severely 
from  this  noxious  substance.  Although  lead  pipes  are  now,  when 
used  for  this  purpose,  always  tinned  inside,  yet -it  is  advisable  to 
throw  away  the  first  portion  of  beer  drawn,  as  the  tin  lining,  which 
is  very  thin,  may  be,  from  age  or  other  circumstances,  imperfect  in 
places.  Vegetable  acids  attack  lead  as  they  do  copper ;  they  should 
not,  therefore,  be  allowed  to  come  in  contact  with  it,  if  they  are  to 
be  used  in  any  way  as  articles  of  food.  Fats,  also,  exert  a  solvent 
action  on  lead,  and  this  should  be  borne  in  mind ;  for  although  they 
are  not  as  often  exposed  to  its  influences  as  they  are  to  copper  in 
domestic  operations,  yet  there  are  occasions  in  which  lead,  and  com- 
pounds of  lead,  are  used  in  domestic  utensils. 

Pewter  contains  lead,  and  so  do  some  of  the  glazes  used  to  coat 
earthenware  vessels,  for  the  soft  glazes  used  in  pottery  ware  contain 
plumbic  oxide.  Dr.  Beck  relates  the  case  of  a  family  in  Massachusetts, 
consisting  of  eight  persons,  who  were  attacked  with  colic,  costiveness 
and  vomiting,  and  the  disease  was  satisfactorily  traced  to  a  store  of 
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stewed  apples,  which  had  been  kept  some  months  in  an  earthenware 
vessel  and  had  corroded  the  lead  glazing.* 

Another  case  is  related  by  Dr.  Hohnbaum,  of  Hildburghansen, 
of  a  family  of  five  persons,  who  were  attacked  with  colic  and  palsy. 
In  this  case  it  was  found  that  the  vinegar  for  salad  dressing  was 
kept  in  a  large  earthenware  vessel  glazed  with  lead ;  and  that,  on 
analysis,  one  ounce  of  the  vinegar  contained  nine  grains  of  lead,  and 
that  the  whole  glazing  of  the  vessel  was  completely  dissolved.  There 
is  no  doubt  that  if  much  oxide  of  lead  is  used  in  a  glaze,  it  will  be, 
in  part  at  leasts  dissolved  by  the  action  of  vegetable  acids. 

SnufF  is  generally  preserved  in  lead  to  keep  it  moist ;  now  the 
acids  in  the  snuff,  formed  by  the  fermentation  of  the  tobacco, 
act  on  the  lead^  so  that  the  portion  of  snuff  in  contact  with 
the  lead  gets  impregnated  with  it.  Snuff-takers  should  bear  this 
in  mind,  as,  on  analysis,  it  has  been  found  that  very  appreciable 
quantities  of  lead  are  contained  in  some  kinds  of  snuff.  Shot  is 
used  in  cleansing  bottles,  great  care  should  be  taken  to  have  them 
well  cleansed  after  the  shot  has  been  used.  Cider,  wine,  and  beer 
should  not  be  allowed  to  stand  in  pewter  or  leaden  vessels,  for  they 
will  mQst  certainly  become  contaminated  with  lead. 

Milk,  by  standing  in  leaden  vessels,  has  become  poisonous.  A 
case  is  recorded  by  Dr.  Darwin  of  a  farmer's  daughter,  who  used  to 
wipe  the  cream  off  the  edge  of  the  milk,  which  was  kept  in  leaden 
cisterns^  and  being  fond  of  cream  licked  it  from  her  fingers.  She 
was  seized  with  symptoms  of  lead  colic,  afterwards  with  paralytic 
weakness  of  the  hands,  and  she  died  of  general  exhaustion. 

Some  lead  salts  are  employed  in  medicine.  The  oxide  is  used 
for  making  lead  plaster;  the  iodide,  which  is  also  used  externally  in 
ointment  or  plaster,  is  seldom  given  internally ;  the  acetate  is  used 
internally,  it  has  an  astringent  and  sedative  action,  and  is  given 
in  haemorrhage,  and  in  diarrhoea  and  dysentery ;  the  subacetate,  known 
commonly  as  Goulard's  wash,  is  only  used  externally  as  a  lotion; 
and  the  carbonate,  which  is  only  employed  externally.  The  carbonate 
of  lead  is  used  very  largely  in  the  arts,  especially  by  painters ;  it 
forms  the  white  paint  of  the  house  painter.  The  manufacture  of 
carbonate  of  lead  is  very  interesting;  it  is  formed  by  a  chemical 
process  somewhat  similar  to  that  which  takes  place  when  lead  is 
acted  upon  by  water.  Thin  strips  of  lead  are  coiled  up  and  placed, 
not  in  water,  but  in  vinegar,  the  vinegar  is  contained  in  earthen 
pots,  and  does  not  entirely  cover  the  lead ;  thin  sheets  of  cast  lead 
are  used  for  this  process,  rolled  lead  does  not  answer  as  well ;  the 

•  '*  Elementa  of  Medical  Jansprndenoe,"  ii.  319. 
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pots  are  placed  in  rows  and  covered  with  boards,  and  are  imbedded 
in  spent  tan  or  cow- dung.  The  rows  are  stacked  one  upon  another, 
and  the  stacks  often  rise  to  a  considerable  height.  The  heat 
generated  by  the  decomposing  tan  or  cow- dung  causes  the  vinegar 
to  vaporize ;  this  and  the  oxygen  of  the  air  acting  on  the  lead  forms 
plumbic  oxide,  which  unites  with  the  acid  of  the  vinegar,  forming 
a  basic  acetate  of  lead. 

Carbonic  acid  is  generated  by  the  oxidation  of  the  carbon  of  the 
tan  or  cow- dung,  and  this  combines  with  the  lead  salt,  forming- 
plumbic  carbonate  and  plumbic  acetate.  This  acetate  acts  on  more 
plumbic  oxide,  and  basic  acetate  is  again  produced.  The  process 
continues  till  most  of  the  lead  is  thus  converted  into  carbonate.  The 
carbonate  formed  is  very  hard,  and  retains  the  shape  of  the  coiled 
metallic  lead.  It  is  ground  by  machinery  with  linseed  oil,  and  in 
this  way  what  is  commonly  called  white  lead  is  made.  Sometimes 
it  is  ground  with  water,  and  then  it  is  obtained,  when  dry,  as  & 
white  powder.  Carbonate  of  lead,  when  mixed  with  oil,  saponifies 
to  a  certain  extent,  and  is  so  rendered  useful  to  the  painter,  for  it 
gives  what  is  called  body  to  paints  made  with  it.  White  lead  is  very 
generally  adulterated  with  sulphate  of  baryta.  White  lead  is  also  used 
for  enamelling  cards,  to  give  them  that  glossy  appearance  so  well 
known  on  the  surfa<3e  of  visiting  cards.  From  constantly  handling 
carbonate  of  lead,  painters  and  card-enamellers  are  subject  to  a 
disease  called  painters'  colic,  which  will  be  described  when  treating- 
of  the  symptoms  of  lead  poisoning. 

Pure  white  lead  dissolves  completely  in  hydric  nitrate ;  but  if  it 
is  adulterated  with  sulphate  of  baryta,  a  white  residue  will  remain 
undissolved,  for  that  substance  is  not  soluble  in  acid  liquids.  Ace- 
tate, or  sugar  of  lead,  has  been  more  frequently  taken  as  a  poison  ' 
than  any  other  salt  of  lead.  It  is  not  much  used  in  the  arts,  but  is  j 
more  largely  employed  in  those  hair  washes  which,  it  is  said  by  their 
manufacturers,  do  not  act  as  dyes,  but  by  nourishing  the  roots  of 
the  hair,  restore  it  to  its  natural  colour  after  it  has  become  white. 
These  hair  washes  consist  of  sugar  of  lead,  glycerine,  and  powdered 
sulphur,  and  certainly  have  the  eflFect  of  changing  the  colour  of  white 
hair  to  a  sort  of  brown.  That  they  act  as  their  makers  state  is  very 
unlikely,  and  experiments  which  the  author  has  lately  made  go  to 
prove  that  they  are,  in  every  sense  of  the  word,  dyes.  The  lead 
becomes  gradually  converted  into  sulphide,  and  this,  when  in  small 
quantities,  has  a  brown  tint;  but  in  large  quantities  is  black,  or 
nearly  so.  The  hair,  no  doubt,  absorbs  the  wash,  and  the  lead  salt 
becomes  decomposed  in  the  structure  of  the  hair  tubes,  just  as  dyes 
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do  in  the  fibres  of  cloth  or  cotton,  and  so  remains  fast — i.e.,  the 
colour  cannot  be  removed  by  washing.  Whether  it  is  dangerous  to 
use  these  washes  has  yet  to  be  proved.  A  person  suiFering  from  a 
swelled  joint  is  often  told  by  his  medical  adviser  to  use  Goulard's 
wash  frequently,  and  it  is  not  known  that  bad  consequences  result 
from  its  absorption;  it  therefore  seems  unlikely  that  injurious 
effects  would  be  produced  by  the  application  of  a  similar  substance 
to  the  head,  especially  when  this  is  to  be  soon  converted  into  an 
insoluble  salt  which  is  much  less  likely  to  be  taken  into  the  system* 
It  is  said  that  wines  are  sometimes  treated  with  sugar  of  lead  to 
destroy  acidity,  or  to  prevent  them  from  turning  sour.  "  At  one 
time  home*-made  British  wines  must  have  been  frequently  adul- 
terated with  lead,  from  the  makers  being  ignorant  of  the  dangerous 
nature  of  the  adulteration.  Sir  G.  Baker  quotes  the  following  receipt 
in  a  popular  cookery  book  of  his  time : — '  To  hinder  wine  from  turn- 
ing :  Put  a  pound  of  melted  lead  in  pure  water  into  your  ciisk,  pretty 
warm,  and  stop  it  close/'*  Cider  formerly  commonly  contained  it, 
owing  to  the  lead  used  in  the  vessels  in  which  it  was  stored  or 
made. 

A  disease  very  similar  to  lead  colic  used  to  prevail  in  the. 
summer-time  in  some  of  the  cider  districts  of  England ;  it  was  sup- 
posed to  result  from  excess  of  cider  drinking,  but  the  subject  was 
investigated  in  1767  by  Sir  G.  Baker,  who  found  that  the  cider  was 
impregnated  with  lead,  and  that  this  was  sometimes  put  in  on 
purpose  to  correct  acidity.  Lead  is  now  not  employed  in  the  cider 
apparatus.  As  recently  as  1841  it  was  found  that  the  cider  drank 
in  France  contaiaed  lead,  and  produced  lead  colic.  Bed  lead  or 
litharge  is  generally  met  with  as  a  dull  reddish  powder,  but  some- 
times in  rather  bright  scdles ;  this  latter  form  is  owing  to  its  partial 
fusion  j  it  is  used  in  glass  making  and  for  imparting  drying  pro- 
perties to  oils.  Boiled  linseed,  oil  is  prepared  with  litharge.  Bed 
lead  or  minium  is  a  mixture,  in  variable  proportions,  of  the 
oxides  of  lead,  viz.,  litharge  and  the  binoxide.  The  binoxide  is 
a  brown  powder,  and  can  be  separated  from  red  lead  by  the  action  of 
hydric  nitrate,  which  does  not  dissolve  it,  but  which  with  the  red  lead 
forms  soluble  plumbic  nitrate.  Bed  lead  is  chiefly  used  as  a  pigment. 
When  lead  salts  are  taken,  they  are  absorbed,  and  are  found,  on 
analysis,  in  some  of  the  organs  and  tissues  of  the  body ;  they  also 
appear  in  the  excreta;  they  act  as  irritants,  though  less  powerfully 
than  arsenic  and  mercury.  The  symptoms  are  pain  in  the  throat, 
tenderness  of  the  abdomen,  colic  paius,  great  thirst,  cramps  in  the 
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limbs,  cold  sweats,  and  constipation.  When  lead  is  slowly  absorbed 
into  the  system,  as  in  the  case  of  painters  or  of  those  engaged  in 
working  in  any  way  with  lead,  attacks  of  a  disease  which  has 
received  the  name  of  painters'  colic  come  on.  ITiis  affection  com- 
mences with  violent  pain  in  the  abdomen.  The  pain  seems  to  be 
greatest  at  the  navel  and  about  the  pit  of  the  stomach ;  it  is  invariably 
relieved  by  pressure,  and,  in  this,  it  differs  from  the  pain  consequent 
on  inflammation.  There  is  often  vomiting,  but  no  fever  or  increase 
in  the  frequency  of  the  pulse  beats ;  on  the  contrary,  they  seem 
rather  to  diminish  in  number,  and  sometimes  fall  as  low  as  between 
forty  and  fifty  per  minute.  The  pain  about  the  navel  is  characteristic, 
it  produces  a  severe  grinding  or  twisting  sensation,  and  the  skin  of 
the  abdomen  becomes  tense.  This  colic  is  brought  on  by  other 
causes  than  those  mentioned.  Sleeping  in  a  recently  painted  room, 
drinking  fluids  which  have  contracted  lead  from  the  vessels  in  which 
they  have  been  kept,  taking  snuff  adulterated  with  lead,  are  causes 
of  this  disease.  After  several  attacks  persons  sometimes  suffer 
from  what  is  called  lead  palsy.  The  nerves  of  the  fore-arm  become 
affected,  the  muscles  which  extend  the  hands  and  fingers  are 
paralyzed,  so  that  the  patient  loses  power  over  them,  and  the  hand 
drops — hence  the  name  for  the  disorder, ''  wrist-drop.''  Lead  coUo 
frequently  accompanies  this  paralysis,  and  there  is  an  unmistakable 
purplish  line  on  the  edges  of  the  gums,  where  they  are  in  contact 
with  the  teeth ;  this  blue  colour  is  owing  to  the  formation  of  lead 
sulphide,  and  is  peculiarly  characteristic  of  lead  poisoning.  Besides 
painters  and  those  who  take  lead  by  the  mouth,  type-founders,  glass 
makers,  glazed-card  manufacturers,  and  all  workers  in  lead,  often 
suffer  from  this  disease.  Dr.  Guy  states  that  he  has  seen  two  or 
three  cases  of  lead  poisoning  amongst  fishmongers,  resulting  from 
their  handling  lead  counters  covered  with  brine.  Cleanliness  is  the 
best  preventive  of  this  disease,  which  sometimes  terminates  fatally 
if  not  checked  in  time,  a  species  of  apoplexy  coming  on  accompanied 
by  giddiness,  weakness,  and  torpor,  from  which  the  patient  dies 
convulsed  and  comatose. 

In  acute  lead  poisoning,  after  death,  the  large  and  part  of  the 
small  intestines  are  usually  found  to  be  inflamed,  and  the  coats  of 
the  stomach  disintegrated.  The  blood  is  sometimes  found  fluid, 
sometimes  coagulated.  The  bodies  of  those  who  have  died  of  lead 
colic  do  not  exhibit  these  appearances ;  there  are  no  effects  of  in- 
flammation to  be  seen ;  in  fact,  there  are  no  very  constant  morbid 
appearances  with  the  exception  of  constriction  of  the  intestines, 
indicating  contraction  of  their  muscular  coat.     The  sulphate  of  lead 
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is  very  insoluble^  so  tliat  soluble  sulphates  act  as  antidotes  in  lead 
poisoning.  Louisa  Wallace^  age  nineteen^  was  admitted  into  Uni- 
versity College  Hospital  under  the  care  of  Dr.  Thomson.  An  hour 
before  her  admission  she  had  taken  two  pennyworth  of  sugar  of 
lead  for  the  purpose  of  poisoning  herself;  the  quantity  was  supposed 
to  weigh  about  one  ounce.  In  a  quarter  of  an  hour  she  vomited 
violently;  sulphate  of  zinc  was  administered^  also  dilute  sulphuric 
acid ;  on  the  following  day  she  took  sulphate  of  magnesia.  The 
pain  in  the  stomachy  which  she  complained  of,  was  relieved  by  two 
leeches,  and  one  grain  and  a  half  of  opium  extract.  In  a  few  days 
she  was  discharged  cured.  The  vomiting,  in  the  first  instance,  was 
caused  by  the  excessive  quantity  of  the  acetate  taken,  it  acting  as  an 
emetic  &om  its  irritant  quality.  Her  cure  was  doubtless  owing  to 
the  sulphates  given  to  her.  Where  no  vomiting  is  induced  by  the- 
poison,  emetics  should  be  given ;  zino  sulphate  is  the  best,  because* 
lead  sulphate  is  formed  and  zinc  acetate,  the  lead  sulphate  being- 
harmless  and  the  zinc  acetate  acting  as  an  emetic.  The  stomach., 
pump  can  also  be  used  with  advantage.  Dr.  Christison  mentions  the 
phosphate  of  soda  and  alkaline  carbonates ;  these  latter  seem  hardly 
suitable,  as  they  form  carbonate  of  lead,  which  is  itself  a  poison,  and 
Dr.  A.  T.  Thomson  attributes  to  it  more  poisonous  properties  than 
to  other  lead  salts,  and  he  considers  that  the  acetate,  taken  in 
moderate  doses,  only  becomes  poisonous  when  it  is  converted  into* 
the  carbonate.  White  of  egg  and  milk  are  very  serviceable  as- 
antidotes,  as  lead  forms  insoluble  compounds  with  albumen.  Opium 
with  purgatives  is  given  with  good  effect  in  painters^  colic  and 
chronic  cases  of  lead  poisoning.^  The  detection  of  lead  is  not 
difficult.  If  the  acetate  in  powder  be  heated,  it  melts ;  if  the  appli- 
cation of  heat  be  continued,  it  becomes  charred  (in  this  treatment  it 
differs  from  tartar  emetic,  which  does  not  melt,  bat  decrepitates). 
If  the  heat  be  continued,  a  globule  of  metallic  lead  is  formed  by  the 
reducing  action  of  the  carbon  of  the  acetate ;  under  similar  circum- 
stances a  globule  of  antimony  is  obtained  from  tartar  emetic,  but 
there  are  very  distinct  differences  to  be  observed  between  the 
behaviour  of  it  and  the  tartar  emetic :  the  odour  from  the  tartrate  is 
like  that  of  burnt  sugar,  that  from  the  acetate  is  of  acetic  acid  ;  and^ 
again,  if  the  globule  of  antimony  obtained  be  struck,  it  breaks 
instantly  into  glistening  fragments,  whereas  the  lead  is  flattened^ 
If  the  powdered  acetate  be  treated  with  ammonic  sulphide  it  turns 
black;  so  does  the  carbonate  of  lead,  and  in  this  it  resembles  corro- 
sive sublimate,  and  differs  from  tartar  emetic  when  heated.  Plumbic 
carbonate  differs  from  the  acetate  in  that  it,  by  losing  carbonic  acid. 
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it  becomes  plumbic  oxide,  which  is  of  a  dirty  brickdtist  colotir,  and 
which  by  further  heating  is  fused  not  reduced  to  metal.  Acetate 
of  lead  is  very  soluble  in  water ;  in  a  solution  of  a  lead  salt,  hydric 
sulphide  produces  a  black  precipitate  if  the  lead  be  present  in 
quantity,  but  brown  if  there  be  only  a  trace  of  it.  In  a  specimen  of 
water  containing  a  very  minute  quantity  of  lead,  this  gas  produces 
a  brown  discoloration.  Lead  sulphide  when  treated  with  hydrrc 
nitrate  is  decomposed,  lead  nitrate  being  formed  and  sulphur  set  free, 
some  of  which,  being  oxidized  by  the  nitrate,  fofrms  sulphuric  acid, 
which  with  lead  oxide  forms  lead  sulphate ;  and  as  this  is  a  white 
insoluble  powder,  a  white  cloudiness,  and  eventually  a  precipitate, 
almost  invariably  attends  this  reaction. 

With  hydric  chloride,  soluble  lead  salts,  if  they  be  present  in 
tolerable  quantities,  give  a  white  crystalline  precipitate,  soluble  on 
boiling,  but  which  reappears  when  the  liquid  cools.  Plumbic  chlo- 
ride is  only  slightly  soluble  in  cold  water,  hence  the  precipitate; 
but,  as  it  is  soluble  to  a  certain  extent,  no  precipitate  is  formed  by 
hydric  chloride  if  only  a  small  quantity  of  lead  salt  be  present. 
Potassic  iodide  throws  down  a  beautiful  yellow  precipitate  from 
solutions  containing  lead.  When  warmed  with  sufficient  water,  the 
iodide  of  lead  dissolves,  but  on  cooling  it  reappears  in  beautiful 
yellow  metallic-looking  scales.  This  test  is  highly  characteristic, 
and  when  obtained  proves  absolirtely  the  presence  of  lead.  This 
reaction  may  be  applied  to  a  dry  acetate  of  lead,  just  as  it  is  applied 
to  corrosive  subUmate.*  It  will  be  remembered  that  with  the  sub- 
limate a  vermilion  red  colour  is  obtained,  but  with  the  acetate  the 
colour  is  yellow.  Caustic  soda  precipitates  plumbic  hydrate  from  a 
lead  solution,  which  is  dissolved  by  excess  of  that  reagent.  Hydric 
sulphate  also  throws  down  a  white  precipitate  of  plumbic  sulphate, 
soluble  in  ammonic  acetate.  If  in  a  solution  of  a  lead  salt  a  piece  of 
metallic  zinc  be  placed,  the  lead  is  deposited  in  very  beautiful  arbo- 
rescent forms  on  the  zinc ;  and  this  method  is  used  to  detect  lead': 
even  when  present  in  very  small  quantities  these  forms  may  be 
seen  by  examining  the  fragment  of  zinc  under  the  microscope.  Red 
wafers  are  coloured  with  red  lead ;  if  one  of  these  be  burned — ^with 
care — a  globule  of  metallic  lead  will  be  obtained.  If  a  powder  is 
supposed  to  be  oxide  of  lead,  or  to  contain  it,  if  it  be  heated  with 
charcoal  in  the  reducing  flame  of  the  blow-pipe,  lead  will  be  obtained; 
or  if  it  be  treated  with  hydric  nitrate  the  solution  will  give  all  the 
reactions  already  described.  Lead  can  be  separated  from  the  other 
metals  which  we  have  considered :  first,  from  antimony  and  arsenic 
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ty  the  insolubility  of  its  sulphide  in  amnionic  sulphide ;  from  mer- 
cury, by  the  solubility  of  its  sulphide  in  hydric  nitrate ;  and  from 
copper,  by  treating  a  solution  containing  nitrates  of  the  two  metals 
with  hydric  sulphate,  which  precipitates  the  lead,  but  leaves  the 
copper  in  solution. 


TYNDALL  ON  IMAGINATION  IN  SCIENCE. 

One  great  use  of  the  British  Association  of  Science  arises  from  the 
opportunities  it  affords  to  a  few  eminent  men  to  ventilate  questions 
that  would  otherwise  find  their  way  very  slowly  into  the  mental 
atmosphere  of  society.  Great  thinkers,  in  all  ages  and  in  all  countries, 
have  had  many  ideas  in  common,  but  the  world  has  known  little 
about  them,  either  neglecting  their  opinions,  or  first  misrepresenting 
and  then  denouncing  them  as  heretical.  A  few  years  ago  there  was 
a  marked  discrepancy  between  the  thoughts  freely  exhibited  in  the 
common  intercourse  of  scientific  men  in  the  Metropolis  and  those 
which  it  was  prudent  to  divulge  in  any  social  gathering  of  the  ordi- 
nary kind;  and  even  now  there  are  circles  pretty  numerous  in  great 
towns,  and  abundantly  traceable  in  rural  districts,  where  no  one 
would  be  safe  from  social  persecution  who  should  venture  to  express 
a  belief  in  the  antiquity  of  the  globe,  or  the  existence  of  man  upon 
it,  before  the  date  which  Archbishop  Usher  and  his  followers 
assigned  to  the  creation  of  Adam,  upon  what  they  deemed  scriptural 
grounds.  "  Society  '^  attempts  to  decide  what  its  members  may 
think  and  feel,  as  well  as  what  they  may  do,  and  finds  it  much  more 
•difficult  to  change  the  fashion  of  its  mental  clothing  than  to  alter 
the  cut  of  the  outward  habiliments  it  wears.  Amongst  the  most 
daring  invaders  of  old-established  quietudes,  are  Professors  Huxley 
and  Tyndall ;  the  one  combative  by  nature,  and  the  other  apparently 
so  under  compulsion,  because  he  finds  prejudice  obstinately  blockad- 
ing truth. 

At  the  late  gathering  of  the  British  Association  at  Liverpool, 
Professor  Huxley  gave  his  audience  a  moderately  good,  or  mo- 
derately bad,  sketch  of  the  spontaneous  generation  controversy 
and  matters  pertaining  thereto,  arriving  at  the  conclusion,  so  fre- 
quently stated  in  our  pages,  that  the  balance  of  evidence  leads  to 
the  belief  that  all  the  life  we  can  trace  descends  from  previous  life 
that  stood  towards  it  in  parental  relation.  Professor  Tyndall  tried 
a  more  difficult  subject;  and,  if  his  lecture  on  ^Hhe  Scientific  Use 
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of  the  Imagination ''  will  not  in  all  respects  bear  strict  criticism,  it 
is  sure  to  prove  highly  valuable  in  the  twofold  way  of  stimulating 
many  to  think,  and  many,  who  have  thought,  to  communicate  their 
results.  An  old  chieftain,  when  told  by  a  priest  where  he  was  to  go 
if  he  did  not  believe  as  he  was  commanded,  and  assured  that  all  his 
forefathers  had  gone  there  before  him,  replied  that  he  would  rather 
go  anywhere  with  his  noble  and  valiant  ancestors  than  to  the  best 
possible  place  with  a  parcel  of  priests  and  beggars.  In  fact,  under 
all  circumstances,  there  are  men  who  desire  to  be  in  good  company, 
and  many  will  feel  able  to  bear  the  assaults  of  bigotry  and  ignorance 
in  company  with  Huxley  and  Tyndall,  who  might  shrink  from  the 
ordeal  if  they  had  to  stand  alone. 

Professor  Tyndall  might  have  treated  his  subject  with  a  wider 
grasp  and  better  illustration,  both  historical  aud  metaphysical;  but 
we  must  remember  his  '^  discourse  '^  took  the  position  of  an  after- 
dinner  speech,  and  he  had  to  deal  with  a  subject  that  could  scarcely 
be  considered  to  promote  digestion,  and  which  might  seriously  dis- 
agree with  the  mental  stomachs  of  many  to  whom  the  new  (old) 
truth  was  oflFered  in  the  place  of  wine  and  dessert.  We  do  not  see 
much  wit  in  describing  Goethe's  "Theory  of  Colour '' — "Farben- 
lehre,''  as  the  Professor,  following  the  original,  prefers  to  call  it — 
and  Mr.  Bain's  ''  Logic ''  as  "  two  volumes  of  poetry ;''  nor  do  we 
imagine  that  he  read  much  of  either  during  his  Alpine  tour.  He 
was,  however,  much  struck  with  Mr.  Bain's  saying,  "The  uncer- 
tainty where  to  look  for  the  next  opening  of  discovery  brings  the 
pain  of  conflict  and  the  debility  of  indecision ;"  and  also  with  the 
statement — commonplace  enough — that  "present  knowledge  must 
forge  the  links  of  connection  between  what  has  been  already  achieved 
and  what  is  now  required."  This  last  passage  describes  a  process 
with  which  imagination  has  very  little  to  do,  and  if  "organic 
germs,"  "molecules,"  "light,"  "heat,"  "comets,"  and  "skies" 
have  to  be  united  by  some  band  of  philosophy,  the  function  of 
scientific  imagination  difiers  widely  from  that  step-by-step  process 
by  which  actual  knowledge  forges  a  link  from  what  it  knows  towards 
that  which  it  would  add  to  its  store.  Shakespeare,  in  a  well-known 
passage,  makes  "  imagination  body  forth  the  forms  of  things  un- 
known," and  tells  us  how 

"  The  poet's  pen 
Turns  them  to  shapes,  and  gives  to  airy  nothings 
A  local  habitation  and  a  name." 

In  this  passage  Theseus,  in  whose  mouth  it  is  put,  describes  "  the 
lunatic,  the  lover,  and  the  poet"  as  "of  imagination  all  compact;" 
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but  he  discriminates  between  the  operation  of  the  faculty  in  each  one, 
and  it  is  the  poet^s  variety  of  the  quality  and  power  that  is  most  akin 
to  that  which  exists  in  the  philosopher,  and  which  the  Professor 
intended  to  describe.  How  and  why  great  men  of  science  have 
imagined  connections  between  things  too  apparently  remote  for  step- 
by-step  logic  to  trace  any  chain  between  them,  is  an  inquiry  in  which 
the  diflBculty  is  commensurate  with  the  interest ;  but  the  tendency  of 
the  philosopher  to  bind  vast  multitudes  of  facts  into  symmetrical 
masses  of  broad  generalization,  and  the  striving  of  the  poet  after 
universal  truth,  are  mental  operations  closely  analogous,  if  not 
similar,  in  kind.  We  doubt,  however,  if  Professor  Tyndall  is  right 
in  saying  that,  without  imagination,  "  causal  relations  would  dis- 
appear,'^  as  immediate  or  proximate  causation  can  be  traced  without 
its  aid.  As  to  dislodging  the  "  Soul  of  Force  from  the  Universe,'^ 
which  he  describes  as  another  calamity  that  would  result  from  loss 
of  the  imaginative  faculty,  we  are  inclined  to  think  that'  imagination 
may  be  somewhat  sleepy  when  she  bestows  upon  Force  the  soul  of 
which  he  speaks.  The  faculty  of  abstraction  is  no  doubt  assisted  by 
the  imagination  when  it  conceives  of  force  as  a  distinct  entity,  and 
it  is  often  extremely  convenient  to  speak  of  "  forces  "  without  at  any 
particular  time  being  obliged  to  conjoin  to  the  idea  some  notion  of 
matter  or  substance  as  its  substratum  or  its  essence.  Some  phUo* 
sophers  imagiue  force  to  be  the  only  real  entity  and  matter 
phenomenal ;  others  regard  the  matter  as  real,  and  the  force  as  its 
property,  resulting  from  some  kind  of  motion.  Scarcely  any 
imagination,  and  but  little  more  than  the  power  to  perceive  proxi- 
mate analogy,  is  necessary  for  some  of  the  processes  which  the 
Professor  has  selected  as  his  illustrations.  Any  one  who  sees  a  wave 
produced  by  throwing  a  stone  in  a  pond,  can  conceive  that  there  may 
be  an  air- wave  as  well  as  a  water-wave  produced  by  a  shock  at  a 
particular  point,  and,  when  once  wave  forces  are  understood,  a  very 
small  quantity  of  imagination  will  imagine  a  fluid  rare  enough  for 
those  of  light. 

It  may  be,  and  probably  is  the  fact,  that  all  space  through  which 
light  passes  does  contain  matter  in  a  form  so  light  and  so  elastic  as 
to  allow  wave-force  to  be  propagated  through  it  as  sound  is 
propagated  through  air;  but  when  imagination  is  exercised  upon 
this  subject,  its  function  seems  to  be  that  of  enabling  us  to  con- 
ceive some  of  the  (probable)  conditions  of  the  process.  Are  the 
ether  particles  in  contact,  or  what  is  between  them?  Does  the 
wave  force  leap  from  particle  to  particle  across  a  microsco- 
pical gulf,   or   does   matter  possess  such  expansive  powers   that 
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there  are  no  gulfs,  and  all  interspaces  are  filled  up?      Professor 
Tyndall  thinks  modem  chemists  deficient  in  imagination  because 
they  hesitate  to  believe  in  the  '^  atoms  ^'   of  Dalton.      He    says, 
''Their   caution  leads   them  to   stop   short   of    the    clear,   sharp, 
mechanically  intelligible  atomic  theory  enunciated  by  Dalton,  or  any 
form  of  that  theory,  and  to  make  the  doctrines  of  multiple  propor- 
tions their  intellectual  bourne/'  and  he  goes  on  to  observe  that 
imagination  is  not  satisfied  with'' a  vibratory  multiple  proportion, 
or  a  numerical  ratio  in  a  state  of  oscillation/'     After  reading  these 
passages  we  must  ask,  does  the  Professor  understand  the  matter  on 
which  he  speaks  with  such  comforting    self-assurance?     Are  all 
.difBculties  of  chemical  or  molecular  science  disposed  of  by  imaginary 
''  atoms,"  and  then  taking  care  to  imagine  no  more  ?     The  ques- 
tion of  the  divisibility  of  matter  is  certainly  not  yet  solved,  and 
perhaps  never  will  be  solved  by  mortal^minds.   The  *'atom ''  which 
many  modem  chemists  do  not  pin  their  faith  to  is  explained,  so  far 
as  relates  to  its  supposed  physical  characters,  with  his  accustomed 
clearness,  by  Dr.  Amott,  in  his  "  Elements  of  Physics,''  where  he  tells 
us  "  The  visible  universe  is  built  up  of  very  minute  indestructible 
ATOMS,  called  matter,  which,  by  mutual  attraction,  cohere  or  cling 
together  in  masses  of  various  form  and  magnitude.     The  atoms  are 
more  or  less  approximated,  according  to  the  repulsion  of  the  quantity 
of  heat  amongst  them,"  etc.,  etc.      Professor  Tyndall  has  written 
Admirably  and  eloquently  upon  heat  as  a  "mode  of  motion,"  and 
he  tells  us  that  where  there  is  motion  something  is  moved.      If  he 
accepts  Dr.  Arnott's  atoms,  which  are  the  orthodox  article,  either 
they  must  touch,  or  there  must  be  space  between  them.  .  Dr.  Amott 
fills  these  spaces  with  heat ;  Dr.  Tyndall  would,  we  suppose,  put 
ether  into  them,  and  this  ether,  again,  will  either  have  atoms  or  be 
atomless :  if   the  former,  what  lies   between  them ;  if  the  latter, 
are  atoms  of  the  indestructible  character  described  by  Dr.  Amott  ? 
Modem  chemists  have  reasons  for  doubting  the  existence  of  these 
atoms,  belonging  to  their  special  science,  and  we  believe  their  only 
defender  of  eminence  is  Dr.  Williamson,  whose  ideas  seem  sufficiently 
obfuscated  by  fog  atoms  not  to  be  worth  much  as  relates  to  this 
particular  subject.     It  may  require  what  is  called  a  stretch  of  imagi- 
nation, or  want  of  the  faculty,  to  be  as  satisfied  with  "  atoms  "  as 
Professor  Tyndall  professes  to  be ;  but  other  philosophers  employing 
their  imagination,  cannot  stop  at  particles  of  matter  so  hard  or  so 
peculiar  that  they  admit  of  no  division  or  change. 

Professor  Tyndall  makes  an  amusing  appeal  to  our  imagination 
when  he  conjectures  that  the  particles  which  form  the  sky  might 
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all  be^aokedinto  a  snuff-box^  or^  at  leasts  in  a  portmanteau^  but  when 
lie  quotes  Huxley  as  an  authority  for  the  assertion  that  precipi- 
tated particles  of  mastic  which  give  an  imitation  of  sky  colours  in 
water,  could  not  be  Tw.Vro  of  an  inch  in  diameter^  he  relies  upon 
what,  to  say  the  least  of  it,  is  a  very  imperfect  investigation.  What 
is  the  difference  .between  solution  and  the  suspension  of  infinitesimal 
particles,  and  what  proof  is  there  that  not  one  atom — ^we  use  the 
word  in  its  common  sense — of  the  gum  is  dissolved.  Dropping  very 
dilate  mastic  varnish  into  water,  in  the  way  he  describes,  does  not 
produce  anything  fairly  called  turbid.  Turbid  water  is  water  dis- 
turbed by  something  which  makes  it  muddy — particles  which  remain 
in  suspension,  and  give  it  a  tinge  of  colour,  cannot  be  said  to  occasion 
turbidity. 

Passing  to  matters  on  which  we  can  agree  with  the  learned 
Professor,  we  have  pleasure  in  citing  his  remarks  on  the  distinction 
between  the  microscopic  and  the  molecular  limit,  though  he  has 
not  stated  it  quite  fully.  He  says,  "When,  for  example,  the  contents 
of  a  cell  are  described  as  perfectly  homogeneous,  as  absolutely  struc- 
tureless, because  the  microscope  fails  to  distinguish  any  structure, 
then  I  think  the  microscope  begins  to  play  a  mischievous  part.  A 
little  consideration  will  make  it  plain  to  all  of  you  that -the  micro- 
scope can  have  no  place  in  the  real  question  of  germ  structure. 
Distilled  water  is  more  perfectly  homogeneous  than  the  contents  of  any 
possible  organic  germ.  What  causes  the  liquid  to  cease  contracting 
at  39°  Pahr.,  and  to  grow  bigger  until  it  freezes  ?  It  is  a  structural 
process  of  which  the  microscope  can  take  no  note,  nor  is  it  likely  to 
do  so  by  any  conceivable  extension  of  its  powers/^  As  a  mere  micro- 
scope, we  apprehend,  this  is  true,  though  possibly,  in  conjunction 
with  some  other  apparatus,  it  may  ultimately  give  us  some  account 
of  molecular  change. 

l^he  defence  of  Darwin's  Pangenesis  theory  is  honest  and  useful. 
People  do  need  to  be  reminded  that  Nature  transcends  their  expec- 
tations, and  that  when  they  get  amongst  them  a  great  mind  like 
Darwin's,  "which  can  never  sin  wittingly  against  fact  or  law,  they 
should  respectfully  heed  what  he  says,  unless  they  are  perfectly  sure 
he  is  overstepping  the  bounds  of  reason.''  In  his  case,  as  Professor 
Tyndall  remarks,  "  observation,  imagination,  and  reason  combined, 
have  run  back  with  wonderful  sagacity  and  success  over  a  certain 
length  of  the  line  of  biological  succession." 

The  goal  of  Professor  Tyndall's  discourse,  which  he  was  aiming 
at  all  through,  is  reached  when  he  gives  us  his  views  of  the  origin  of 
life ;  and  starting  with  our  earth  or  system  in  a  nebulous  form,  he 
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says  :  "  Two  views  then  offer  themselves  to  us — ^life  was  present 
potentially  in  matter  when  in  the  nebulous  form,  and  was  unfolded 
from  it  by  way  of  natural  development ;  or  it  is  a  principle  inserted 

into  another  at  a  later  date The  gist  of  our  present  inquiry 

regarding  the  introduction  of  life  is  this  :  Does  it  belong  to  what  we 
call  matter,  or  is  it  an  independent  principle,  inserted  into  matter  at 
some  sensible  epoch — say  when  the  physical  conditions  became  such 
as  to  permit  of  the  development  of  life  ?  .  •  .  .  Did  creative  energy 
pause  until  the  nebulous  matter  had  been  condensed,  until  the  earth 
had  become  detached,  until  the  solar  fire  had  so  far  withdrawn  from 
the  earth^s  vicinity  as  to  permit  a  crust  to  gather  round  the  planet  ? 
Did  it  wait  until  the  air  was  isolated,  until  the  seas  were  formed, 
until  evaporation,  condensation,  and  the  descent  of  rain  had  begun ; 
until  the  rending  forces  of  the  atmosphere  had  weathered  and 
decomposed  the  molten  rocks  so  as  to  form  soils;  until  the  sun's 
rays  had  become  so  tempered  by  distance  and  waste,  as  to  be  chemi- 
cally fit  for  the  decompositions  necessary  to  vegetable  life  ?  Having 
waited  through  those  ^ons  until  the  proper  conditions  had  set  in, 
did  it  send  the  fiat  forth,  '  Let  life  be'  ?  " 

A  little  imagination  will  suffice  to  show  that  this  is  not  a  fair  in  the 
sense  of  a  fiill  statement  of  the  question.  First,  the  Professor  describes 
a  series  of  processes,  conducted  by  secondary  causation,  and  then  he 
asks,  "  Did  life  arise  from  these  causes,  or  did  a  special  interposition 
take  place  for  its  introduction  under  the  form  of  a  fiat, '  Let  it  be '  ?  " 
Scientific  evidence  is  all  through  in  favour  of  an  appeal  to  secondary 
causation,  not  excluding  a  primary  cause,  but  rather  pre-supposing 
it ;  only  expecting  that  the  primary  cause  will  be  found  throughout 
the  system  of  nature  to  work  in  and  through  what  men  call  means. 

Science  at  present  gives  us  no  clue  whatever  to  a  reply  to 
the  questions,  what  is  life,  and  how  did  it  begin,  nor  does  it  show 
us  any  beginning  of  matter  or  force.  If  the  Professor's  ima- 
gination  leads  him  to  conjecture  that  thought  and  emotion, 
intellect  and  will,  are  forces  correlative  with  light,  heat,  and  elec- 
tricity, ours  does  not  act  in  that  way.  We  see  as  yet  no  symptom 
of  physical  connection  between  the  two  sets  of  phenomena  as  relates 
to  their  essence  or  their  action.  We  see  that  there  is  some  con- 
nection between  nerve-force  and  mental  phenomena,  but  so  long 
as  Science  cannot  explain  it,  or  even  give  a  probable  guess  con- 
cerning it,  we  prefer  a  frank  confession  of  ignorance  to  a  depth  of 
insight,  which  is  a  mere  pretence. 

The  questions  propounded  by  the  Professor  go  beyond  physical 
science.    Before  we  can  advance  a  step  towards  their  solution  we 
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want  a  dear  definition  of  what  life  is,  what  matter  is,  if  it  is,  and 
how  the  forces  we  call  material  stand  towards  those,  which  defy  all 
our  physical  investigation. 

The  introduction  of  life  at  a  given  period  may  be  the  admission 
of  a  new  force,  or  it  may  not.  In  either  case  we  think  an  unchange- 
able order  of  nature  was  most  likely  observed,  but  whether  Plato 
and  Shakespeare  had  potential  existence  in  a  nebulous  particle  a 
long  while  ago,  we  are  content  in  the  present  state  of  our  ignorance 
to  leave  to  such  imaginations  as  Professor  Tyndall  may  think  worth 
cultivation.  Our  imagination  inclines  to  view  Intelligent  Will  as  the 
ultimate  and  only  real,  as  distinguished  from  phenomenal,  force. 
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The  Nais-worms  so  frequently  come  under  the  notice  of  microscopists, 
that  M.  Edm.  Perrier's  observations  on  their  fission  (scissiparity) 
will  be  sure  to  interest  our  readers.     M.  Perrier   says  that   the 
opinions  of  Gruithuisen,  0,  F.  Miiller,  Leuckart,  and  Max  Schultze, 
although  differing  in  some  particulars,  agree  in  the  main,  as  fol- 
lows :  Naiads  present  alternately  two  modes  of  organic  generation ; 
a  single  individual  divides  itself,  first  into  two  others  of  equal  length, 
after  which  each  of  these  individuals  produce  another  from  his  pos- 
terior end  by  way  of  budding.     Observations  made  by  M.  Perrier 
on  Dero  ohtusa  led  him  to  point  out  another  mode  of  increase. 
Whilst  chains  of  three  or  four  individuals  of  the  species  Nais  probos- 
cidea  are  frequently  found,  he  has  never  seen  more  than  two  of  Dero 
ohtusa  placed  end  to  end — the  head  of  the  posterior  individual  and 
the  tail  of  the  anterior  one  are  found  exactly  as  Max  Schultze  in- 
dicates in  the  Nais.     These  two  individuals  separate  before  we  can 
discover  any  symptom  of  fresh  scissiparity,  but  in  part  of  the  respira- 
tory apparatus  at  the  end  of  the  body,  so  long  as  the  animal  has 
not   reached  the  adult   stage,   are  numerous  animals    in  process 
of  formation,   in   which   we   can  follow   the  development   of   the 
setigerous    sacks,   respiratory  organs,    muscles,   etc.      When    the 
two  separated  individuals  have  acquired  sufficient  length,  the  me- 
dian scissiparity  recommences  as  in  the  single  individual  at  whose 
expense  they  were  formed.    As  this  phenomenon  only  occurs  when 
I        .         the  animal  has  reached  a  certain  length,  it  follows  that  the  posterior 
individual  of  the  second  generation  is  formed  of  rings  that  were  not 
developed  until  after  the  separation  of  the  individual  of  the  first,  and 
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constituted  an  integral  portion  of  this  individual  at  the  time  they 
were  produced.  Thus,  the  Dero  begins  by  enlarging  itself  through 
the  formation  of  rings  in  advance  of  the  vibratile  tail,  and  then  en- 
gages in  scissiparity.  This  estabUshed,  let  us  suppose  the  two  Deros 
of  the  first  generation  did  not  separate  after  their  individuation,  and 
then  the  individuals  of  the  second  generation  would  be  produced 
from  the  vibratile  organ  and  the  rest  of  the  bodies  of  each  of  the 
individuals  of  the  first  generation,  aoid  each  of  the  new  individuals 
would  be  formed  by  means  of  rings  produced  after  the  individuation 
of  the  two  primitive  Deros.  We  thus  fall  back  upon  the  law  ex- 
plained by  Max  Schultze  as  operating  in  Nais  proboscidea  without 
invoking  any  other  budding  than  that  which  constitutes  the  normal 
growth  of  the  annelid  in  question.* 

Some  experiments  on  bone  growth  detailed  in  the  French 
Academy  by  M.  F.  Papillon,  show  that  pigeons  fed  with  food  con- 
taining phosphate  of  strontium,  transfer  portions  of  that  substance 
to  their  bones,  and  that  alumina  can  be  added  to  bones  by  a  similar 
process. 

MM.  Rabonteau  and  Peyre  report  to  the  French  Academy  ex- 
periments made  with  the  m'boundoa  or  icaja  poison  used  for  ordeals 
in  Gaboon.  The  plant  was  found  in  a  moist  soil  thirty  leagues 
inland,  near  the  river  Como.  The  root  is  from  fifty  to  seventy  centi- 
metres long  and  from  one  to  three  wide.  The  bark  is  reddish,  and  the 
colour  below  the  epidermis  is  bright  red.  The  wood  is  greyish  white 
tod  hard.  The  experiments  were  made  chiefly  with  the  bark,  but 
some  with  the  wood  and  root.  Inftisions  even  when  very  dilute,  are 
extremely  bitter:  with  iodide  of  potassium  or  phospho-molybdic 
adid,  they  yield  abundant  precipitates,  and  contain  one  or  more 
alkaloids.  Alcoholic  extracts  were  found  more  powerful  than  aque- 
ous ones.  A  dog  made  to  swallow  twenty-five  centigrammes  of 
extract  dissolved  in  water,  remained  sensible  to  caresses  and  came 
when  called,  but  could  not  get  up  steps  eighteen  centimetres  high. 
He  trembled  and  suffered  violent  tetanic  convulsions.  An  hour  after 
more  convulsions  came  on,  but  in  two  hours  he  only  suffered  from 
a  slight  stiffiiess  in  the  limbs,  and  eat  with  a  good  appetite.  Forty 
centigrammes  of  the  extract  killed  a  dog  in  20  minutes.  He  died 
of  asphyxia  in  the  midst  of  convulsions.  The  action  of  this  poison 
is  exeeedingly  rapid,  but  fatal  consequences  may  be  prevented  by 
artificial  respiration,  and  it  is  soon  eliminated. 

MM.  J.  E.  Planchon  and  J.  Idchtenstein  describe  investigations, 
showing  that  the  phylloxera  of  the  leaves  and  of  the  roots  of  the  vine 

*  '<Compt6s  Sendus/'  18th  June,  1870. 
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is  the  same  insect ;  and  the  latter  advises  as  a  means  of  preventing 
loss  in  vineyards  to  search  out  in  May  and  August  all  leaves  infested 
with  phylloxera  galls,  and  bum  them.* 

M.  B.  Eoze  states  that  he  has  successfully  repeated  J.  M.  CErs- 
ted's  experiments  on  the  transformation  of  the  Podisoma  of  the  savin 
into  the  Boestelia  penicillata  of  the  pear-tree,  and  he  finds  that  P. 
clavariceforme  of  the  juniper  produces  B,  'penicillata  on  the  hawthorn. 
F.fuscum  gave  a  negative  result,  and  he  thinks  it  may  select  some 
other  tree  of  the  apple  family  to  produce  a  third  species  of  Rcestelia. 
Experimenting  with  ergot  of  rye,  buried  in  the  winter,  and  kept 
constantly  moist  during  the  spring,  he  obtained  in  the  open  air 
Olaviceps  purpurea,^  from  the  end  of  April  to  the  end  of  June,  as 
others  have  done ;  but  ergots  of  the  year  before  last  produced  no 
claviceps,  and  those  of  the  last  harvest,  placed  in  the  earth  at  the 
end  of  April,  gave  the  same  result.  Ears  of  rye  rear  the  Olaviceps, 
and  in  process  of  normal  development,  were  only  attacked  in  small 
numbers  by  the  Olaviceps  spores.  M.  Boze  st3,tes  that  the  spores  of 
the  claviceps  experience  a  certain  difficulty  in  transporting  them- 
selves to  the  parts  of  the  flower  (the  stigmata  especially)  they  infest; 
but  that  the  "  onidiophore  juice  of  the  sphacelium,  with  help  of 
rain  and  wind,  propagates  the  parasite  actively.^'  He  advises  cul- 
tivators never  to  sow  the  rye  grains  from  the  harvest  of  the  same 
year. 

Amongst  the  researches  into  the  action  of  minute  organisms,  wa 
may  mention  that  M.  Pasteur^s  tracing  the  most  fatal  disease  of  silk- 
worms to  the  presence  of  minute  bodies,  probably  allied  to  fungi^ 
and  his  method  of  selecting  moths  and  eggs  free  from  these  objects,, 
receives  the  highest  commendation  from  Italian  and  French  growers  • 
The  pecuniary  results  of  this  application  of  the  microscope  are 
enormous  in  the  aggregate.  A  trial  on  a  large  scale  was  made  by 
order  of  the  French  Government,  and  M.  Pasteur  reports,  that 
100  ounces  of  silk  with  eggs  were  obtained  from  three  persons,  who 
operated  by  selection  according  to  his  process.  They  were  dis- 
tributed amongst  the  cultivators  of  the  silk  estate  of  Villa  Vicentina^ 
near  Trieste,  in  lots  of  mostly  of  one  and. two  ounces;  one  lot  con- 
sisted of  three  ounces,  another  of  five,  and  twenty-five  ounces  were- 
reserved  by  the  managers  for  a  great  experiment.  M.  Pasteur  says,. 
"  The  practical  application  of  my  method  consists  essentially,  1st,, 
in  .obtaining  an  e^g  perfectly  healthy,  as  much  as  possible  cellular y 

*  '*  Comptes  BenduB,"  1st  and  8th  August. 

t  This  is  the  Cordiceps  purpurea  of  Fries^  and  is  so  called  by  Berkeley.  (British 
Ichthyology.) 
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for  the  work  of  reproduction;  2ii(lly,  to  obtain  for  rearing  eggn 
resulting  from  these  arrangements  for  reproduction^  which  fulfil  the 
following  conditions :  an  excellent  progress  of  the  worms  from  the 
fourth  month,  a  la  monte  d  la  bruyire,  joined  to  a  complete  or  nearly 
complete  absence  of  corpuscles  in  the  moth/'  The  Villa  Vicentina 
trials  resulted  in  thirty  kilogrammes  of  cocoons  to  the  ounce  of  eggs, 
one  and  a-half  times  as  much  as  the  mean  of  average  good  years  ^ 
The  twenty-five  ounces  reared  by  the  managers  gave  thirty-nine 
kilogrammes  to  the  ounce.  The  average  of  thirty  ounces  would  have 
been  much  higher  if  many  of  the  cultivators  had  not  made  divers 
mistakes,  overheating,  etc. 

Perhaps  the  virus  of  vaccine  matter  may  be  somewhat  like  the 
"  corpuscles "  of  M.  Pasteur,  so  fatal  to  silkworms.  At  any  rate, 
M.  Melsens  considers  it  one  of  the  ferments,  and  tells  us  that  he 
placed  four  capillary  tubes  containing  vaccine  matter  and  closed 
with  sealing  wax  for  an  hour  and  a-half  to  a  temperature  of  78°  C. 
below  zero,  and  upon  using  the  matter  contained  in  three  of  the 
tubes  for  purposes  of  vaccination,  they  produced  the  characteristic 
pustules. 

M.  P.  Bolestra  has  communicated  to  the  French  Academy  some 
observations  on  ague  poison.  He  says,  that  in  examining  marsh 
water  he  always  finds,  in  proportion  to  its  degree  of  putrefaction,  a 
granular  microphyte,  somewhat  resembling  in  form  the  Cactus  Peruvi- 
anus.  It  is  always  accompanied  by  a  considerable  quantity  of  small 
spores  TuW  of  a  millimetre  in  diameter,  greenish  yellow  and  trans- 
parent, and  also  by  sporangia  or  vesicles  containing  spores  from 
TBTT  *o  3W  o^  ^  millimetre  in  diameter,  and  of  very  characteristic 
form.  This  plant  grows  on  the  surface  of  the  water ;  when  young, 
it  is  rainbow-like  in  tints,  and  looks  like  spots  of  oil.  At  the  low 
temperature  of  cellars  and  in  water  containing  no  vegetation,  it 
developes  slowly,  but  in  contact  with  air  and  expoa|ed  to  solar  rays 
in  the  presence  of  decomposing  vegetation,  it  grows  fast,  disengag- 
ing small  gas  bubbles.  A  few  drops  of  arsenious  acid,  sulphite  of 
soda,  or,  still  better,  neutral  sulphate  of  quinine,  stops  its  vegetation 
at  the  surface  of  the  water,  the  spores  become  thin  and  transparent 
and  the  sporangia  alter  so  that  they  would  not  be  recognized. 
These  changes  may  be  seen  under  the  microscope.  M.  Bolestra 
states  ^hat  these  spores  can  be  found  in  marsh  air.  He  caught 
agues  twice  during  his  researches— once  after  having  been  exposed 
to  air  from  water  in  fermentation  covered  with  fresh  algae  in  full 
vegetation,  mixed  with  an  extraordinary  quantity  of  spores.  He 
thinks  these  spores  constitute  the  ague  poison. 
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Amongst  the  most  remarkable  of  recent  discoveries  relating  to 
minute  organism,  is  that  of  M.  B^champ,*  and  of  a  mould  capable  of 
producing  alcohol  from  air  and  water.  He  thus  describes  the  pro- 
cess : — ''  I  took  very  pure  distilled  water,  and  exposed  it  to  contact  of 
air  in  a  phial  closed  with  paper.  Colourless  moulds  appeared,  formed 
of  microzymas,  very  small  bacteria,  and  an  extremely  fine  mycelium. 
The  apparatus  was  put  on  a  stove,  and  at  the  end  of  six  months 
I  obtained  enough   alcohol   to   give  a  large  flame.     At  the    same 

time  a  good  quantity  of  volatile  and  ammonia  were  formed 

Shall  we  say  that  distilled  water,  carbonic  acid,  and  the  elements  of 
air  have  fermented?  Evidently  not;  but  we  may  say  that  the 
moulds  grew  and  efiected  the  synthesis  of  the  materials  composing 
their  own  substance,  as  all  vegetables  do,  and  that  they  then  gave 
oflF  {deaassimille)  the  alcohol  which  they  formed  by  aid  of  this  sub- 
stance.'* 

Prom  experiments  made  by  MM.  Becquerel  in  the  Jardin  des 
PlanteSy  it  appears  that  at  a  depth  of  31  to  36  metres,  the  seasons 
exercise  no  influence  on  the  distribution  of  heat. 

Between  26  and  16  metres,  the  maxima  and  minima  of  tem- 
perature occur  in  summer  and  winter  as  in  the  air. 

From  11  to  16  metres  the  maxima  and  minima  show  themselves 
in  autumn  and  spring,  and  at  one  m^tre  as  in  the  air.  At  16  metres, 
in  the  locality  of  the  experiments,  the  sheet  of  water  which  supplies 
the  wells  of  the  garden,  and  flows  towards  the  Seine,  is  met  with. 
This  water  is  directly  recruited  by  rainfall.  At  26  metres,  a  lower 
stratum  of  water  is  met  with  resting  on  the  plastic  clay. 

The  heat  of  last  July  will  not  be  easily  forgotten.  At  Poictiers 
on  the  24th,  M.  Gontejean  found  the  extreme  temperature  in  the 
shade  in  a  large  garden  reach  41°*2  C.  His  instrument,  he  says, 
was  only  graduated  to  41°,  so  he  could  not  try  the  temperature  in 
the  sun.  We  suppose  the  graduation  in  the  length  of  the  tube 
enabled  him  to  estimate  the  41°'2  0.  of  which  he  speaks.  The 
highest  point  was  reached  at  Ih.  10m.  p.m.  During  two  and  a  half 
hours  the  average  was  40°*3  0.  All  objects  in  the  shade  fell  when 
touched,  as  if  they  had  been  exposed  to  the  sun.  The  narrator  says, 
"for  the  first  time  in  his  life  he  saw  the  thermometer  go  down 
several  degrees  when  he  held  the  bulb  between  his  fingers  or  put 
it  in  his  mouth.*' 

When  M.  Benan  accompanied  the  French  army  in  Syria  in  1860, 
he  discovered,  amongst  other  things,  a  fragment  of  a  sun-dial  at 
Oum-el-Awuvonid,   some  leagues  south  of  Tyre.     M.  Laussedat 

•  *'  Comptei  Bendu0,"  4th  July,  1870. 
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restored  the  pattern  of  this  dial^  and  exhibited  a  model  to  the 
French  Academy,  and  confirmed  what  M.  Bertrand  had  previously 
said  aboat  it.  It  belongs  to  the  class  of  conical  dials,  and  M. 
Laussedat  noticed  that  one  of  the  horary  lines  was  straight,  and 
that  the  two  others  entering  the  base  of  the  cone  and  the  arcs  of 
the  circle  parallel  to  it,  at  centre  angles,  were  not  so.  The  straight 
line  was  undoubtedly  the  meridian ;  and  the  size  of  the  arcs  cut  by 
the  horary  line,  showed  they  were  not  intended  to  indicate  equal 
hours,  such  as  we  use,  but  temporary  hours,  employed  by  most  of 
the  ancient  nations.  A  ^^  temporary  hour  "  is  a  twenty-fourth  part 
of  the  interval  between  sun-rise  and  sun-set,  whatever  may  be  the 
season. 

Professor  Lippich  has  been  engaged  in  a  study  of  the  causes 
whereby  the  lines  of  the  spectrum  are  increased  in  breadth.  He 
traces  the  phenomenon  to  a  progressive  oscillation  of  gaseous  mole- 
cules (as  given  in  the  theory  of  Glausius).  While  some  of  these 
molecules  recede  from  the  observer  in  the  direction  of  the  spectre* 
scope,  others  approach  him,  the  former  emitting  more,  and  the  latter 
less  refrangible  waves ;  while  molecules  moving  in  any  other  direc- 
tion emit  rays  whose  value  lies  between  those  two  limits,  and  each 
coloured  band  of  the  spectrum  has,  consequently,  a  determinate 
breadth.  This  breadth,  however,  must  alter  with  the  temperature 
and  specific  gravity  of  a  given  gas ;  which,  again,  is  dependent  on 
the  intensity  of  the  motion  of  the  gaseous  molecules.  On  this  basis 
Lippich  founds  a  mathematical  calculation,  the  result  of  which  is, 
that  ''The  relation  between  the  difierence  of  wave-length,  cor- 
responding to  the  edge  of  the  spectral  line,  to  the  mean  wave-length 
of  the  line,  is  constant  for  all  lines  of  one  and  the  same  gas ;  and, 
among  different  gases,  is*  directly  proportional  to  the  square-root  of 
the  absolute  temperature,  and  inversely  proportional  to  the  square- 
root  of  the  density,"  Such  differences  are  excessively  minute ;  but 
the  author  points  out,  as  a  practical  consequence  of  his  investigation, 
that  when  lines  of  different  breadth  are  seen  in  the  spectroscope,  we 
must  be  dealing  with  at  least  two  different  substances. 

It  is  now  a  considerable  time  since  Wiedemann  and  Franz 
announced  that  metals  and  alloys  have  the  same  conductivity  for 
heat  and  electricity.  This  conclusion  was  disputed  by  Forbes  and 
Angstrom,  who,  •  however,  subsequently  admitted  a  source  of  error 
to  have  existed  in  their  experiments.  Lenz  has  examined  the 
question  anew,  using  copper,  brass,  iron,  etc.  He  finds  that  the 
conductivity  of  different  bodies  for  heat  and  electric  conductivity 
are  proportional  to  one  another  at  like  temperatures,  and  that  this 
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law  is  moie  valid  than  might  be  inferred  from  Wiedemann  and 
Franz's  experiments.  The  inflaence  of  temperature  is  the  same  on 
both  of  the  properties  referred  to. 

Since  the  discovery  of  isomorphism  hj  Mitscherlich,  crystal- 
lography has  not  undergone  any  development  of  general  importance. 
Grothhas^  however,  quite  recently  resumed  the  study  of  the  relations 
between  composition  and  crystalline  form,  and  has  already  obtained 
results  of  much  interest.  The  material  for  his  work  has  been  judiciously, 
chosen  from  the  systematized  region  of  organic  chemistry,  his  con- 
elusions  depending  partly  on  his  own  researches,  partly  on  those  of 
others,  in  connection  with  the  benzol  series.  In  this  group  it  appears 
that  the  introdaction  of  any  foreign  element  or  elements  into  a 
substance  in  exchange  for  hydrogen  is  always  attended  with  an  alte- 
ration of  crystalline  form.  Amongst  rhombic  crystals  it  generally 
occurs  that  such  an  exchange  only  affects  one  of  the  axes,  leaving 
the  ratio  between  the  other  two  undisturbed.  Groth  seems  also 
to  have  convinced  himself  that  isomeric  compounds  are  not  iso- 
morphous. 

Helmholtz  and  Baxt,  in  the  course  of  their  investigation  on  the 
velocity  of  transmission  of  nervous  impulses,  found,  by  producing 
an  irritation  at  a  remote  spot  and  then  at  a  point  nearer  to  the  con- 
tracting muscle,  the  rate  in  question  to  be  between  31*53  and  37'49 
metres  per  second.  Comparatively  recent  experiments,  of  which 
the  details  have  now  been  published,  led  to  the  discovery  of  what 
was  at  first  believed  to  be  an  experimental  error,  but  has  since 
received  an  approximate  explanation  as  a  syistematic  phenomenon. 
It  is  found  that  the  rate  already  mentioned  applies  to  a  cold  winter, 
whereas  a  mean  value  of  64i'56  metres  is  the  number  obtained  in  a 
hot  summer.  As  this  result  evidently  pointed  to  temperature  as  the 
determining  cause  of  the  change,  special  and  very  varied  experi- 
ments were  made  on  the  same  day  at  very  different  temperatures. 
These  fuUy  establish  the  rule,  that  the  velocity  of  (motor)  nervous 
transmission  is  about  twice  as  great  in  winter  as  in  summer. 

The  electricity  of  clouds  has  been  the  subject  of  an  attentive  and 
laborious  inquiry  by  Dellmann.  He  employed  a  Thomson's  elec- 
troscope, with  subsidiary  arrangements  enabling  him  to  determine 
the  intensity  of  every  part  of  a  passing  cloud.  Dellmann's  conclu- 
sions will  be  of  much  interest  to  meteorologists.  All  clouds  are 
electrical,  and  oppositely  so  in  different  parts ;  they  are  negative  at 
the  centre,  which  is  begirt  with  positive  zones.  The  intensity  of 
the  electricity  increases  from  the  outside  to  the  interior ;  but  its 
niftyiTnnm  is  not  at  the  centre  of  the  cloud.    A  sudden  decrease  of 
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the  one  kind  of  electricity  corresponds  to  an  equally  abrupt  increase 
of  the  proximate  opposite  kind.  A  cloud  can  only  rain  by  vvrttie  of 
a  loud  or  silent  electrical  discharge, 

Gappel  has  been  engaged  in  determining  the  influence  of  tem- 
perature on  the  sensibility  of  spectral  reactions.  To  this  end,  he 
contrived  an  apparatus  in  which  the  induction  spark  was  passed 
between  electrodes  consisting  of  bundles  of  platinum  wires,  the 
negative  pole  being  kept  continually  moistened  with  solutions  of 
successively  increasing  dilution.  Each  experiment  was  continued 
until  (with  the  exception  of  copper  salts)  only  a  single  character- 
istic line  was  recognizable.  Comparing  his  own  results  with  those 
previously  obtained  by  Bunsen  and  Kirchoflf  with  a  gas  flame, 
Cappel  makes  the  following  inferences.  As  the  temperature  in- 
creases, so  do  the  number  of  lines  and  the  sensibility  of  the  reaction 
to  a  certain  point,  above  which  both  decrease.  Abundance  of  lines 
and  sensibility  are  correlated  phenomena  in  one  respect,  viz.,  that  the 
maximum  of  the  one  accompanies  that  of  the  other.  The  degree  of 
temperature  at  which  the  maximum  of  sensibility  occur  is  difierent 
for  diSerent  metals,  and,  on  the  whole,  rises  from  alkaHes  to  the 
electro-negative  and  of  the  series  of  metals. 
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Dr.  Ttndall  has  published  his  papers*  on  '^  Diamagnetism  and 
Magne-crystalUc  Action,''  which  have  appeared  during  the  last 
eighteen  years  in  the  '^  Philosophical  Magazine  and  Philosophical 
Transaction s,''  in  an  octavo  volume  of  some  four  hundred  pages,  with 
numerous  diagrams  and  illustrations.  These  papers  show  an  enor- 
mous power  of  work,  coupled  with  great  skill  as  an  investigator, 
and  there  is  no  doubt  that  the  Professor  has  nobly  maintained  a 
foremost  position  in  the  competitive  straggle  to  arrive  at  the  truth.  A 
more  perplexing  and  difficult  work  has  rarely  tasked  the  ingenuity  of 
the  experimenter  or  the  logical  faculties  of  the  industrious  reasoner. 
The  work  now  issued  also  comprises  letters  of  various  scientific  men 
engaged  in  the  same  line  of  research,  together  with  a  paper  by 
Faraday  on  Magnetic  Polarity.     We  hope  Professor  Tyndall  will 

*  "  Besearches  on  Diamagnetbin  and  Magne-crystallio  Action,  including  the  Ques- 
tion of  Diamagnetic  Polarity."  By  John  Tyndall,  LL.D.,  F.B.S.,  Profeseor  of  Natural 
Philosophy  in  the  Royal  Institution.    (Longmans.) 
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some  day  put  the  entire  subject  in  a  new  shape ;  doing  for  it  in  fact 
what  he  has  akeady  accomplished  for  Heat  and  Sounds  and  giving  us 
a  treatise  that  will  be  accepted  as  the  best  text-book  and  guide  to 
this  branch  of  science.     It  is  always  gratifying  in  Tyndall^s  books 
and  lectures  to  note  his  hearty  recognition  of  Faraday *s  extraor- 
dinary powers  and  merits,  and  in  no  case  were  they  displayed  more 
strikingly  than  in  his  magnetic  researches.     Dr.  Tyndall  says,  "  In 
the  year  1846  our  views  of  magnetic  action  received,  through  the 
researches  of  Faraday,  an  extraordinary  expansion.     The  experi- 
ments of  Brugmans,  Le  Baillif,  Seebeck,  and  Becquerel,  had  already 
proved  the  power  to  be  active  beyond  the  limits  usually  assigned  to 
it;  but  their  experiments  were  isolated  and   limited  in  number. 
Faraday  was  the  first  to  establish  the  broad  fact  that  there  is  no 
known  body  indifierent  to  magnetic  influence  when  the  latter  is 
thoroughly  developed.      The  nature  of  magnetic  action  was  then 
found  to  be  twofold — attractive  and  repulsive ;  thus  dividing  bodies 
into  two  great  classes  which  are  respectively  denominated  magnetic 
and  diamagnetic.     The  representative  of  the  former  class  is  iron, 
which  being  brought  before  the  single  pole  of  a  magnet,  is  attracted ; 
the  representative  of  the  latter  class  is  bismuth,  which  being  brought 
before  the  single  pole  of  a  magnet,  is  repelled.     If  a  little  bar  of 
iron  be  hung  freely  between  the  two  poles  of  a  magnet,  it  will  set 
its  longest  dimensions  in  the  line  joining  the  poles ;  a  little  bar  of 
bismuth,  on  the  contrary,  will  set  its  longest  dimensions  at  right 
angles  to  the  line  joining  the  poles.^'     The  great  difficulty  was  to- 
discover  what  kind  of  force  produced  the  diamagnetic  effects,  and 
at  last  it  was  shown  by  Professor  Tyndall  and  others  to  be  of  a 
polar  character,  and  having  special  relation  to  the  molecular  con- 
stitution of  the  bodies  it  affected. 

Professor  Tyndall  has  also  published  two  good  cheap  and  con- 
venient little  volumes  called  "  Notes  on  Light,'^  *  and  "  Notes  on 
Electricity,^^  t  which  were  originally  prepared  for  students  attending 
his  lectures.  The  compact  way  in  which  the  principal  facts  are^ 
stated  and  phenomena  explained,  will  make  these  works  peculiarly 
acceptable  to  a  very  numerous  class  of  teachers  and  pupils. 

Passing  to  quite  another  class  of  subject,  we  are  very  glad  to 
find  Mr.  W.  Bobinson,  F.L.S.,  advocating  the  return  to  something 

* 

*  Notes  of  a  coarse  of  Nine  Lectures  on  Light,  deliyered  at  the  Boyal  Institution  of 
Qreat  Britain,  April  8— June  3, 1869.    By  John  Tyndall,  LL.D.,  F.B.S.     (Longmans.) 

t  Notes  of  a  course  of  Seven  Lectures  on  Electrical  Phenomena  and  Theories,  de- 
lirered  at  the  Boyal  Institution  of  Great  Britain,  April  28  ~  June  9, 1870.  By  John 
Tjndall,  LL.D.,  F.R.S.     (Longmans.) 
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like  Batural  principles  of  gardening.  His  '^  Wild  (Tarden''**^  is  an 
ezcellent  periodical  work,  showing  ''  how  to  make  our  groves  and 
shrubberies  beautiful ''  by  a  judicious  cultivation  of  hardy  exotics, 
and  by  the  introduction  in  appropriate  places  of  EngUsh  wild  flowers 
possessing  sufficiently  characteristic  merit. 

Mr.  Bobinson  says,  "  About  a  generation  ago  a  taste  began  to 
be  manifested  for  placing  a  number  of  tender  plants  in  the  open  air, 
in  the  summer,  with  a  view  to  the  production  of  showing  masses  of 
decided  colour.  The  subjects  selected  were  mostly  from  sub-tropical 
chmates  and  of  free  growth ;  placed  in  the  open  air  of  our  genial  early 
summer,  and  in  fresh  rich  earth,  every  year  they  grew  rapidly  and 
flowered  abundantly  during  the  summer  and  early  autumn  months, 
until  cut  down  by  the  frosts.  The  brilliancy  of  tone  resulting  from 
this  system  was  very  attractive,  and  since  its  introduction  there  has 
been  a  gradual  rooting  out  of  all  the  old  favourites,  in  favour  of  the 
bedding  system/'  The  introduction  of  half-hardy  exotics  need  not 
have  lead  to  the  wearisome  sameness  of  modem  gardening,  and 
nothing  can  be  more  ridiculous  than  the  practice  for  many  years  past 
for  thousands  of  people,  in  all  sorts  of  situations,  to  imitate  what  is 
done  in  portions  of  large  grounds,  such  as  those  at  Kew  or  the 
Crystal  Palace,  where  the  bedding  system  is  subordinate  to  pic- 
turesque landscape  effects.  Great  numbers  of  persons  who  spend 
large  sums  on  their  gardens  have  nothing  in  them  worth  looking  at 
for  half  the  year,  and  when  their  beds  are  filled  with  patches  of  scarlet, 
yellow,  and  blue,  they  weary  the  eye  of  everybody  who  is  con- 
demned to  do  more  than  give  them  a  passing  glance.  What  pos- 
sible pleasure  can  there  be  in  walking  about  grounds  that  are 
destitute  of  variety,  and  show  profound  ignorance  of  picturesque 
art.  When  a  house  has  a  decided  architectural  character,  the  garden 
in  its  immediate  vicinity  should,  of  course,  be  formed  so  as  to  suit 
the  style,  and  a  certain  regularity,  or  even  stiffioiess,  will  in  many 
cases  be  required ;  but,  if  the  piece  is  of  any  size,  pictorial  effects 
arising  from  judicious  contrasts  of  form  and  colour  should  be  pro- 
vided all  the  year  round.  A  real  garden  in  a  temperate  climate 
should  look  as  beautiful,  if  not  as  gay,  in  January  as  in  June ;  and 
we  have  a  notion  that  gardens  ought  to  be  characteristic  of  their 
owners'  tastes — what  they  usually  demonstrate  is,  that  he  has  no 


*  The  "Wild  Garden;  or,  Our  GroYOB  and  Shnibberies  made  beautiful  by  the 
^Naturalization  of  Hardy  Exotic  Plants  ;  with  a  Chapter  on  the  Gardens  of  British  Wild 
Flowers  "  Bj  W.  Bobinson,  author  of  "Alpine  Flowers  for  English  Gardens,"  "The 
Parks,  Promenades,  and  Gardens  of  Paris/'  etc.     (J.  Murray.) 
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taste^  but  can  spend  money  in  something  like  imitation  of  the 
fashion^  whatsoever  it  may  be. 

After  general  remarks  Mr.  Robinson  supplies  lists  of  a  great 
variety  of  plants,  hardy  exotics  and  indigenous,  with  short  notes  of 
their  peculiarities,  the  treatment  they  require,  and  the  localities  they 
are  fit  for.  This  work  will  be  found  of  great  use  to  those  who  wish 
for  a  garden  which  will  be  a  perpetual  delight. 

Mr.  Shirley  Hibberd,  who  is  indefatigable  in  successful  eflfort 
At  pleasantly  instructing  the  public  in  all  floral  matters,  has  added 
to  his  previous  work  a  charming  little  book  on  "  Field  Plowers,^^* 
illustrated  by  eight  handsome  coloured  plates  and  ninety  wood  en- 
gravings. We  could  not  point  out  a  more  agreeable  way  of  spend- 
ing pleasant  hours  in  the  country  than  in  hunting  for  the  wild 
flowers  in  Mr.  Hibberd^s  list,  and  with  the  help  of  his  instructions. 
He  has  mingled  botanical  science  and  aesthetic  sentiment  with  his 
accustomed  skill ;  and  the  publishers  have  veiy  judiciously  given  his 
work  the  advantage  of  fine  printing,  good  paper,  and  handsome 
binding.  Each  of  the  months,  except  the  last  two,  have  chapters 
•devoted  to  their  floral  characters.  Among  the  directions  for  drying 
plants  is  one  which  we  think  is  little  known,  and  which  we  therefore 
cite  :  *'  Prepare  several  tablets  of  plaster  of  Paris  of  the  size  of  the 
book  the  specimens  are  to  be  mounted  in,  and  fuU  an  inch  in  thick- 
ness. These  should  be  made  by  a  worker  in  plaster,  who,  if  in- 
structed to  work  them  very  light,  will  produce  a  sort  of  plaster 
Bponge.  In  drying  plants,  first  warm  (and  be  very  careful  not  to 
orack  by  too  sudden  exposure  to  heat)  one  of  these  plates ;  on  it 
lay  a  sheet  of  warm  paper,  then  a  plant,  next  paper,  plate,  plant, 
and  so  on.  In  two  hours  you  may  repeat  the  process,  and  twice 
warming  will  suffice  for  almost  any  class  of  specimens,  however 
succulent.  The  plaster  form  preserves  the  natural  colours  most 
beautifully,  the  reason  being  that  it  quickly  absorbs  every  particle 
of  moisture  from  the  plants.^'  For  preserving  fungi,  Mr.  Hibberd 
recommends  bedding  them  in  silver-sand,  gills  upwards,  in  small  tin 
boxes,  and  placing  the  boxes  in  a  slow  oven  for  two  or  three  hours. 
Mr.  Hibberd's  "  Wild  Flowers^'  contains  many  hints  and  suggestions 
that  may  lead  to  the  cultivation  of  some  of  the  more  beautifal  and 
interesting.  In  one  place  he  exclaims,  ''What  a  pity  we  do  not 
often  meet  with  collections  of  interesting  hardy  plants,  instead  of 
-ephemeral  flimsy  things,  ten  thousand  times  repeated  in  the  grounds 

*  "  Field  Flowers,  a  Handj  Book  for  the  Bambling  Botanistfl ;  *'  suggeftting  what  to  look 
for  and  where  to  go  in  the  out-door  study  of  British  Plants.  By  Shirley  Hibberd,  author 
•of  the  "  Fern  Ghtrden/  '*  Bustle  Adornments,"  etc.,  etc.    (Groombridge  and  Sons.) 
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ttat  embellish  our  raral  residences !  Fashion,  however,  was  never 
much  of  a  friend  to  knowledge ;  hence,  to  follow  the  fashion  does 
not  require,  any  considerable  amount  of  brains/' 

The  Rev.  W.  Lucas  Collins  presents  us  with  another  of  his 
excellent  classical  series.  This  time  it  is  ^' Virgil/'*  edited  by  him- 
self. The  task  was  to  have  been  performed  ^by  Mr.  Conington,  but 
death  interposed,  and  Mr.  Collins  has  done  well  to  take  his  place. 
Virgil,  so  much  admired  by  successive  generations  of  scholars  who 
can  read  his  elegant  verse  in  the  original  tongue,  can  scarcely  be 
made  to  satisfy  the  expectations  of  English  readers  in  any  transla- 
tion ;  and  the  chief  reason  is,  that  we  have  passed  into  a  new  stage 
of  poetry,  and  that,  apart  from  special  felicities  of  diction,  we  are 
not  disposed  to  care  much  for  what,  in  his  epic  the  Roman  imitator 
of  Homer  had  to  say.  His  "  pious  Eneas  '*  is  a  very  tiresome, 
shabby  fellow,  and  we  find  it  difficult  to  sympathize  very  strongly 
with  Dido,  though  she  ends  grandly,  and  is  greatly  preferable  to  the 
hero  of  the  poem.  Mr.  Collins  treats  the  Georgics  as  poetical 
essays  on  the  dignity  of  labour.  "  Warlike  glory  was  the  popular 
theme  of  the  day ;  but  Virgil  detests  war,  and  he  seeks  to  enthrone 
labour  in  its  place.  He  looks  upon  tillage  as  in  some  sort,  a  war  in 
itself,  but  of  another  kind — '  a  holy  war  of  men  against  the  earth,' 
as  a  French  writer  expresses  it.  He  compares  its  details,  in  more 
than  one  passage,  with  those  of  the  camp  and  the  battle-field ;  but 
besides  this  the  Georgics  contain  what  seem  to  be  a  protest  against 
the  fashionable  atheism  of  his  age.  He  sets  the  worship  of  the 
gods  in  the  first  place  of  all;  ^ First  pay  all  reverence  to  the 
power  of  Heaven,'  is  his  instruction  to  his  pupils ;  '  from  Jove  all 
things  begin.'  His  motto  might  have  been  that  which  the  Bene- 
dictines in  their  purer  days  adopted,  '  Love  and  labour,  pray  and 
work,'  It  has  been  commonly  said,  that  Virgil  was  in  his  creed  an 
epicurean,  and  that  he  looked  upon  the  gods  as  beings,  who  in  our 
English  poet's  words,  'Lie  beside  their  nectar  careless  of  man- 
kind.' But  a  study  of  his  writings  will  go  far  to  show  that  such 
was  not  the  case,  that  whatever  the  distinct  articles  of  his  creed 
may  have  been,  he  had  a  deep  individual  sense  of  the  personal 
existence  of  great  powers  which  ruled  the  afiairs  of  men ;  the  world 
was  not  to  him,  as  to  Lucretius,  a  mere  shrine  of  hidden  mysteries, 
unlocked  to  the  epicurean  alone,  but  that  he  had  an  eye  and  a 
heart  for  all  its  riches  and  beauties,  as  the  'skirts'  of  a  divine  glory* 
In  all  his  verse  this  feeling  shows  itself,  but  never  more  than  in  the 

•  «  Virgil."  By  the  Eev.  W.  Lucas  Collins,  M. A.,  author   of  "  Ktoniana,"  and  the 
'*  Public  Schools,"  etc.     (Blackwood  and  Sons.) 
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Qeorgics/'  Apart  from  the  toadyism  to  "  Ceesar/^  there  is  much  in 
the  Georgics  with  which  modem  feelings  can  agree,  and  many  of 
the  passages  which  Mr.  Collins  has  selected  give  an  excellent  idea 
of  the  vigour  of  the  style,  and  the  glowing  anticipation  of  human 
progress,  in  which  the  poet  indulged.  The  most  remarkable  illustra- 
tion of  this  frame  of  mind  is  found  in  the  Pollio,  of  which  Mr.  Collins 
gives  a  good  translation,  and  which  many  of  the  early  Churchmen 
took  for  a  prophecy  of  Christ.  Scholars  have  been  puzzled  to  know 
who  the  '^  child  '*  was  by  whose  aid  Justice  was  to  return  to  earth, 
and  for  whom  "  the  earth  untilled,  should  pour  her  early  gifts,'' 
and  under  whose  influence,  the  poet  addressing  him  says — 

*  The  herds  no  longer  fear  the  lions  spring ; 
The  ground  beneath  shall  cradle  thee  in  flowers. 
The  Tenomed  snake  shall  die,  the  poisonous  herb 
Perish  from  out  thy  path,  and  leave  the  almond  there." 

The  most  probable  conjecture  is  that  Augustus  was  the  child,  and 
that  under  the  guise  of  prediction  Virgil  meant  to  describe  the 
hopes  excited  by  his  reign,  and  the  good  things  he  wished  to 
recommend  him  to  accomplish. 

Mr.  Collins'  last  labour  will  materially  help  Euglish  readers  to 
understand  how  the  old  Homer  poet  influenced  our  own  writers, 
Spencer,  Milton,  Pope,  etc.,  etc. 

Our  readers  will  recollect  some  excellent  papers  on  Grave- 
mounds  by  Mr.  Jewett,  and  will  be  glad  to  find  that  he  has  now 
treated  the  subject  of  the  burials  of  the  Celtic,  Romano-British,  and 
Anglo-Saxon  periods,*  in  a  richly  illustrated  and  very  readable 
volume,  full  of  curious  matter.  Scattered  all  over  our  country  are 
the  memorials  of  our  ancestors,  of  various  races,  left  in  the  tombs 
they  constructed  for  their  dead.  Much  of  the  best  part  of  history-— 
that  which  relates  to  manners  and  customs,  progress  in  fertile  and 
other  arts — would  be  lost  if  it  were  not  for  objects  found  in  graves, 
and  which,  like  the  fabled  ever-burning  lamps,  shed  a  clear  light 
upon  the  past.  Mr.  Jewett  is  a  good  narrator  as  well  as  a  skilful 
antiquary,  apt  at  interpreting  ancient  remains,  and  well  practised 
in  opening  barrov^  and  studying  their  contents.  It  is  extremely 
interesting  to  compare  the  relics  discovered  in  various  localities  of 
the  prehistoric  men  with  those  found  in  the  burial  places  of  races 
that  belonged  to  a  much  later  period,  long  after  the  earUest  known 
civilization  came  in  full  force.      Thus  the  sepulchral  urns  of  the 

*  "  Ghraye-mounds  and  their  Contents  :  a  Manual  of  Archsologj,  as  exemplified  in 
the  Celtic,  the  Bomano-British,  and  the  Anglo-Saxon  periods."  Sy  Llewelljn  Jewett, 
F.S.A.,  eta,  etc.,  with  nearly  six  hundred  illostrations.   (Q-roomhridge  and  Sons.) 
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Celtic  period  (Ancient  Britisli),  whicli  frequently  contain  flint  imple- 
ments^ closely  resembling  those  of  much  earlier  dates,  are  by  no 
means  destitute  of  a  rude  kind  of  skill  and  taste.  In  some  urns  of 
later  date  bronze  implements  occur,  and  something  like  elegance 
of  form  is  attained.  The  great  care  taken  of  the'  dead,  and  the 
Taluable  objects  buried  with  their  remains,  and  the  large  amount  of 
labour  required  to  pile  up  the  mounds  beneath  which  they  rest — ^all 
evince  a  progress  in  reUgious  ideas  far  greater  than  that  which  Sir 
John  Lubbock  is  disposed  to  recognize  in  most  of  the  savage  races 
he  describes.  The  abundant  illustrations  which  adorn  Mr.  Jewett's 
work  will  readily  enable  those  who  may  not  have  access  to  good 
museums  to  form  sound  opinions  on  the  progress,  from  anything 
like  barbarism  in  many  of  the  old  Celtic  works.  A  good 
deal  of  the  pottery  of  this  early  time  is  worth  study  by  the 
manufacturers  of  our  own  days.  Some  of  the  necklaces  of  the  old 
British  ladies,  which  he  figures,  likewise  show  considerable  progress 
in  jewellery  as  a  fine  art.  When  we  come  to  Roman  times  we  find 
inscriptions  of  a  very  tender  and  touching  character,  contrasting 
very  favourably  with  the  rubbish  so  often  inscribed  on  the  modem 
tombstone.  One  at  York  runs  thus :  ''  To  the  Gods  of  the  Shades. 
To  Simplicia  Florentina,  a  most  innocent  thing,  who  lived  ten 
months.  Her  father,  of  the  Sixth  Legion,  the  Victorious,  made 
this.^^  Another  from  Carvoran,  in  Cumberland,  is  thus  affection- 
ately worded :  ''  To  the  Gods  of  the  Shades.  To  Aurelia  Paia,  a 
native  of  Salona,  Aurelius  Marcus,  a  centurion,  out  of  affection  for 
his  more  holy  wife,  who  lived  thirty-three  years  without  any  stain.*' 
Mr.  Jewett  quotes,  with  a  translation,  a  most  interesting  poem  de- 
scribing the  obsequies  of  Beowulf,  and  there  is  something  truly 
grand  in  the  narration,  how,  after  making  "  the  mightiest  of  funereal 
pyres,  from  which  the  smoke  rose  aloft,  dark  from  the  fire,  mingled 
with  weeping,*'  they  piled  up  the  mound  so  that  it 

"  rose  high  and  broad, 

by  the  sailors  over  the  wave, 

to  be  seen  afar, 

and  they  built  up 

during  ten  days 

the  beacon  of  the  war  renowned. 

They  surrounded  it  with  a  wall 

in  the  most  honoured  manner 

that  wise  men  could  desire 
«  *  *  * 
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They  Buffered  the  earib  to  hold 
the  treasures  of  warriors' 
gold  on  the  earth, 
where  it  jet  remains 
as  useless  to  men 
as  it  was  of  old." 

With  this  fin©  bit  from  an  old  Saxon  Homer,  we  must  leave 
Mr.  Jewett's  capital  book,  and  pass  to  quite  another  theme,  that 
of  Microscopical  Manipulation,*  as  explained  by  Mr.  SuflFolk,  who 
has  treated  the  matter  in  a  way  that  will  be  very  helpful  to  begin- 
ners in  such  pursuits.  Mr.  Suffolk  is  well  known  in  scientific  circles 
for  practical  skill,  and  he  has  brought  together  much  valuable  infor- 
mation concerning  microscopical  apparatus,  mechanical  processes, 
modes  of  mounting,  polarization,  drawing,  micrometry,  etc.,  etc. 
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Treatino  Substances  fob  Manuee. — Dr.  James  Dewar,  of 
Kirkcaldy,  thus  describes  his  method  of  treating  bones,  coprolites, 
and  shells  of  fish,  which  contain  valuable  constituents  for  manures : 
— '^  I  subject  them  to  the  action  of  the  alkali  waste  called  soda  ley 
(such  as  is  obtained  from  the  soda  used  in  preparing  rags,  esparto 
grass,  and  other  materials  for  the  manufacture  of  paper),  by  steeping 
them  in  it.  In  using  soda  ley,  I  utilize  a  substance  which  is  gene- 
rally lost,  and  which,  when  it  finds  its  way  into  rivers,  may  be 
deleterious.  By  the  action  of  the  ley  the  bones,  coprolites,  and 
shells  become  friable  and  more  easily  soluble,  and  are  thereby 
rendered  more  suitable  for  manure.  When  I  wish  to  prepare  a 
manure  which  shall  be  slow  in  its  action,  or  what  is  known  as  a 
^nursing'  manure,  I  subject  the  bones  or  other  substances  to  a 
shorter  treatment  with  the  soda  ley,  and  I  find  that  if  they  are 
broken  or  reduced  to  small  pieces,  and  are  then  subjected  to  such  a 
length  of  treatment  with  the  ley  as  to  leave  them  in  a  partially 
decomposed  condition,  they  are  very  suitable  for  manure  of  that 
description.  When  I  wish  to  prepare  a  manure  which  shall  act 
more  rapidly,  I  make  the  treatment  with  the  soda  ley  longer,  and 

*  *^  On  Microscopical  Manipulation,  being  the  subject  matter  of  a  course  of  Lectures 
^elirered  before  the  Quekett  Microscopical  Club,  January  to  April,  1869.  B7  Q-.  S» 
Suffolk,  F.B.M.S.    (H.  Gilmore.) 
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this  also  facilitates  the  process  of  grinding  or  crashing.  The  soda 
ley  absorbs  a  portion  of  the  gelatine  and  phosphoric  acid  contained 
in  the  bones,  and  the  product  forms  a  strong  manurial  compound, 
which  may  be  used  either  separately  or  mixed  with  other  substances, 
treated  as  before  explained.  The  operations  are  more  rapid  if  the 
substances  are  boiled  in  the  ley. — 

Scale-beams. — This  very  useful  invention  relates  to  beam  weigh- 
ing machines,  and  consists  in  the  employment  of  mechanism  below 
the  scale  which  carries  the  weight,  for  enabling  the  goods  scale  to  be 
firm  on  the  floor  when  it  is  loaded  or  unloaded,  and  to  be  afterwards 
set  free  for  enabling  the  weight  to  be  determined.  The  beam  is 
balanced  on  a  support,  and  carries  the  scales  in  the  usual  manner, 
and,  when  not  acted  upon  by  the  mechanism,  is  free  to  oscillate  as 
required.  Below  the  scale  which  carries  the  weight  a  plate  is  em- 
ployed, which  is  fixed  to  a  vertical  rod,  having  at  the  bottom  a  bowl 
incontact  withan  eccentric  fixed  to  a  shaftworking  in  bearings  attached 
to  the  box  or  frame  which  carries  the  pillar  or  support  of  the  scale 
beam,  and  to  the  shaft  is  fixed  a  long  lever  in  contact  with  a  spring. 
When  the  lever  is  placed  in  one  position,  the  plate  is  below  the  scale 
and  the  beam  is  firee,  but  when  the  goods  have  been  weighed  and 
require  to  be  removed,  and  fresh  goods  placed  on,  the  lever  is  turned 
to  cause  the  eccentric  to  raise  the  plate  and  weight  scale,  and  lower 
the  goods  scale  until  it  rests  on  the  floor  and  thus  enables  heavy 
articles  to  be  put  on  and  taken  off  the  scale  with  great  ease,  and 
without  the  labour  of  removing  weights.  This  simple  and  useful 
contrivance  has  been  patented  by  Mr.  B.  Glarkson,  of  Manchester. 

Paint. — ^A  very  desirable  paint  has  been  invented,  which  has  no 
disagreeable  smell  like  that  in  ordinary  use,  and  will  for  this  reason 
no  doubt  become  popular.  Instead  of  using  ordinary  Unseed  oil 
and  turpentine,  to  which  the  unpleasant  smell  of  ordinary  paint  is 
owing,  it  is  proposed  to  employ  as  a  vehicle  a  composition  made  by 
combining  alcohol,  shellac,  and  a  vegetable  oil  (castor  oil  is  pre- 
ferred). This  vehicle  is  then  mixed  with]  white  lead  or  other 
pigments  to  form  paint.  The  proportions  in  which  the  several 
ingredients  are  mixed  is  as  follows : — Eight  parts  of  alcohol,  two 
parts  of  shellac,  and  one  part  of  vegetable  oil.  They  are  gently 
heated  together,  and  stirred  until  the  shellac  is  dissolved.  This  paint 
is  inodorous,  dries  very  quickly,  and  is  not  liable  to  crack  or  blister 
by  exposure  to  heat. 

Tebatino  Xyloidine. — ^Mr.  Daniel  Spill,  of  Paradise  Terrace, 
Hackney,  describes  an  improved  method  of  preparing  Xyloidine  of 
an    improved    colour,    whether    it    be    produced  from  fibres   or 
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materials  in  their  normal  condition^  or  when  coloured  or  dyed ;  and 
it  consists  in  subjecting  xyloidine,  or  soluble  gun-cotton,  produced 
from  such  materials,  to  the  bleaching  action  of  sulphurous  acid, 
chloride  of  lime,  chlorine,  or  bleaching  agents  generally. 

Pbesbbyiko  Bread. — ^Bread  becomes  mouldy  and  sour  from  the 
action  of  the  moisture  it  contains.    When  carefully  dried,  bread 
will  keep  sweet  for  a  very  long  time.     Any  process  by  which  fer- 
mented bread  can  be  preserved  for  an  indefinite  length  of  time 
would  be  a  great  boon  to  travellers  in  countries  where  bread  cannot 
be  procured,  and  to  sailors,  who  would  find  it  a  very  agreeable 
change  from  ordinary  ship  biscuits.     The  following  process  for 
effecting  this  object  has  been  lately  patented,  and  it  possesses 
this  advantage,  that  the  bread  being  compi^essed  can  be  packed 
in  a  smaller    compass,   and    is   therefore  very  portable.      Well- 
made  and  well-baked  bread  is  exposed  to  a  current  of  dry  air; 
the   evaporation  of  the  moisture   should  be    slow,  in  order  that 
the  bread  may  not   crack.     The   duration  of  this  drying  process 
varies  from  eight  to  fifteen  days,  and  depends  on  the  size  of  the 
loaves  and  the  form  of  drying  apparatus  adopted.     If  the  bread 
were  compressed  in  the  state  in  which  it  is  left  by  the  dessication  it 
would  break ;  and  to  prevent  this  it  must,  before  being  pressed,  be 
submitted  during  four  or  five  minutes  to  a  heat  of  from  150°  to 
200°  C,  in  a  stove  filled  with  steam.     To  effect  this  operation  the 
bread  is  arranged  in  layers,  separated  by  iron  plates,  which  form 
moulds  in  which  the  bread  will  assume  the  shape  and  size  previously 
determined  upon.     These  layers  are  loaded  upon  a  cast-iron  carriage 
running  upon  rails,  and  thus  introduced  into  a  stove  which  is  imme- 
diately closed,  in  a  few  minutes  the  bread  becomes  soft,  although  it 
will  have  absorbed  but  a  very  small  quantity  of  water ;  the  load  or 
batch,  is  then  withdrawn  and  pushed  by  means  of  a  carriage  between 
two  pressing  plates,  in  order  to  be  compressed.     Any  press  will 
serve,  but  as  the  pressure  should  be  rapid  and  powerful  the  hydraulic 
press  is  best.     The  bread  should  remain  in  the  press  for  twenty-four 
hours ;  it  may  then  be  removed,  is  dry  and  cold,  and  will  preserve 
the  shape  which  has  been  impressed  upon  it.     Bread  thus  prepared 
should  be  put  in  cases  to  preserve  it  from  the  attacks  of  insects,  and 
should  be  stored  in  places  free  &om  damp,  it  may  thus  be  preserved 
for  several  years.     This  compressed  bread  has  a  nice  colour,  the 
teeth  masticate  it  without  effort,  the  fluids  of  the  mouth  penetrate  it 
rapidly,  it  has  an  agreeable  taste  and  digests  readily ;  a  piece  three 
ounces  in  weight,  thrown  into  broth  will  absorb,  in  three  or  four 
minutes,  fifteen  ounces  of  liquid  and  swell  considerably.     The  in- 
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ventor  is  Jean  Joseph  Augaste  Momi^r^  Boulevard  Bonne  Konvelle^ 
Paris. 

Pbkpaeing  MiTBBiALS  FOR  Makinq  Soup,  Btc. — ^In  order  the 
more  conveniently  to  import  extracts  of  meat  from  Anstralia^  Mr» 
Whitehead  has  patented  a  process  by  which  he  produces  compressed 
blocks  of  prepared  animal  and  vegetable  materials  in  a  cheap  form  for 
making  soup  and  other  liquid  food.  The  extract^  or  essence  of  meat^ 
is  mixed  with  some  &rinaceous  material^  such  as  vermicelli  or 
tapioca^  and  is  compressed  by  hydraulic  pressore  into  cakes  of  such 
a  size^  that  when  one  of  them  is  boiled  with  water  it  will  make  one 
pint  of  good  soup. 

PBEPAEiNa  CoLOUEiNG  Mattkes.  —  The  invention  of  Messrs. 
Bichard  Dale  and  Carl  Schorleman^  of  Manchester.  It  consists  in 
improvements  in  the  manufacture  of  Alizarine  jBrom  Anthracene. 
One  part  of  anthracene  is  heated  with  from  four  to  si:^  parts  of 
strong  sulphuric  acid^  at  the  boiling  pointy  for  some  time.  It  is  then 
diluted  with  water  and  neutralized  with  a  solution  of  carbonate  of 
soda  or  carbonate  of  baryta^  or  some  such  substance.  The  sulphates 
are  removed  by  crystallization.  The  resulting  Uquid  is  heated  to 
between  180°  and  260°  C.  with  caustic  soda  or  caustic  potash  mixed 
with  nitrate  or  chlorate  of  potash,  as  long  as  a  bluish  purple  colour 
is  produced.  Instead  of  nitrates  or  chlorates  other  suitable  oxidiz- 
ing agents  may  be  used.  Alizarine  is  obtained  from  this  product  by 
precipitation  with  an  acid  in  the  usual  manner. 

Teahways. — ^A  tramway  has  been  invented  which  consists  of  a 
single  iron  or  steel  rail  of  any  section,  ballasted  up  to  the  level  of 
the  road.  Upon  this  single-rail  tramway  vehicles  of  any  construc- 
tion, and  driven  by  any  suitable  means,  may  be  run,  but  in  order 
that  the  greater  part  of  the  weight  of  the  vehicles  may  be  carried 
by  the  rail,  one  or  more  double-flanged  wheels  are  fixed  on  the 
centre  line  of  the  vehicle ;  each  of  these  wheels  work  on  a  swivel 
attached  to  a  screw,  in  order  to  raise  or  lower  the  framework  or  body 
of  the  vehicles  above  the  surface  of  the  ordinary  road  on  either  side, 
so  that  the  whole  or  nearly  all  of  the  weight  of  the  vehicles  and 
their  contents  would  rest  on  the  rail,  whilst  their  balance  would  be 
maintained  on  either  side  by  the  ordinary  wheels  of  the  vehicles. 
The  centre  double-flanged  wheel  or  wheels  are  acted  upon  by  springs 
on  either  side,  in  order  to  prevent  jarring  and  jolting,  and  to  give 
them  a  fair  amount  of  play  to  suit  the  irregularities  of  the  road, 
which  would  naturally  affect  the  ordinary  wheels  of  vehicles. 
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BROWNDf  g's  Pocket  Microscope. — Decidedly  one  of  the  best  of  the  port- 
able microscopes,  is  that  just  issued  by  Mr.  Browning,  who,  we  believe 
devised  it  to  meet  a  want  felt  in  one  of  the  Government  departments. 
It  has  a  folding  tripod  stand,  a  draw  tube,  a  well  made  fine  adjustment^ 
wbich.  acts  upon  the  stage,  a  spring  clip  to  hold  slides,  stage  forceps 
conveniently  attached  to  the  body,  and  substage  mirror.  The  microscope 
with  powers,  dipping  tube,  forceps,  bollow  glass  slide,  etc.,  fits  into  a 
handsome  morocco  case  easily  carried  in  the  pocket.  We  have  had  this 
little  instrument  in  frequent  use  for  several  weeks,  and  can  speak  very 
highly  of  it.  It  is  exceedingly  useful  in  the  country  or  in  any  situation 
where  objects  are  frequently  obtained,  and  require  prompt  examination, 
as  it  is  sufficient  for  more  purposes,  and  can  be  set  up  and  arranged  in 
less  time  than  a  larger  and  more  complicated  pattern.  From  its 
moderate  price  and  convenience,  it  would  be  very  handy  for  schools 
and  families.     A  small  bull's-eye  should  be  added  for  use  with  a  lamp. 

CONFIBMATIOK  OF   JuPITEB's   CoLOURS  :   Dr.    MaTER'S    OBSERVATIONS. — 

We  mentioned  in  our  last  number  the  strange,  and  not  very  creditable 
conduct  of  Mr.  Airy,  in  attempting  to  get  rid  of  the  facts  of  the  remark* 
able  colour  changes  noticed  by  Mr.  Browning,  and  others,  in  the  planet 
Japiter,  by  a^foolish,  because  scarcely  relevant  statement  he  inserted  in 
the  annual  report  of  the  Greenwich.  Observatory,  to  the  effect  that  on 
some  occasion  they  were  not  seen  by  one  of  his  assistants,  and  that 
the  idea  of  change  was  therefore  negatived.  Now  we  have  before  us  Dr. 
Mayer's  ''  Observations  on  the  Planet  Jupiter,"  made  at  Lehigh  Univer- 
sity, U.S.  He  commences  by  saying,  "  Every  astronomer,  who  during 
this  fall  and  winter  (1869-70)  has  made  careful  observations  of  Jupiter, 
must  have  remarked  the  unusual  colour  of  his  disc  and  belts,  and  the 
remarkable  forms  and  mutations  which  the  latter  have  frequently 
presented."  These  remarks  were  founded  upon  se&ing :  Mr.  Airy's  not 
seeing^  which  appeared  to  negative  the  idea  of  any  change  in  the  colour 
of  Jupiter's  belts,  is  so  discreditable  to  our  national  observatory,  that 
we  trust  the  Board  of  Visitors  in  the  Admiralty  will  take  such  special 
notice  of  it,  as  may  prevent  anything  of  the  sort  in  future. 

Dr.  Mayer's  observations  were  made  with  a  six-inch  refiractor  by 
Alvan  Clark  and  Sons,  and  one  on  January  5,  1870,  when  the  sky  was 
astronomically  perfect,  and  definition  so  clear  and  steady  that  the  six  stars 
of  the  trapezium  of  Orion  and  the  companion  of  Sirius  were  readily  and 
continuously  seen.  At  this  time  Dr.  Mayer  noticed  "  a  ruddy  elliptical 
line  lying  just  below  the  south  equatorial  belt."  He  saw  it  first  when  it 
had  advanced  about  half  the  major  axis  from  the  east  limb.  The  ellipse 
became  more  distinct  as  it  progressed  to  the  centre,  and  Dr.  Mayer  followed 
it  till  it  was  almost  bisected  on  the  west  line,  when  it  gradually  faded  from 
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view.  He  conBidered  that  the  irregular  nearly  detached  masses  forming 
the  south  equatorial  dark  belt,  with  their  streamers  pointing  in  the  opposite 
direction  to  that  of  the  planet's  rotation,  presented  appearances  which 
incline  one  to  imagine  them  distinct  masses  of  clond  or  coloured  vapour 
instead  of  openings  in  a  cloudy  stratum,  disclosing  the  ruddy  body  of 
the  planet,  and  this  view,  held  by  Mr.  Browning  and  Mr.  Proctor,  was 
favoured  by  the  elliptical  form  already  described,  and  concerning  which 
he  says,  "  Can  we  be  so  bold  as  to  regard  it  as  a  great  gaseous  mass, 
having  its  origin  in  the  equatorial  region,  and  sweeping  south  (as  with 
the  terrestrial  cyclones  of  the  southern  atmosphere),  and  flattened  with 
the  rapid  rotation  of  the  planet  with  an  equatorial  velocity  of  450  miles 
a  minute.*'  In  another  passage  Dr.  Mayer  speaks  of  the  irregular  and 
violent  changes  in  the  southern  equatorial  belts,  which  took  place  last 
winter.  On  January  8  he  entered  in  his  note-book,  "  The  south  border 
of  the  southern  equatorial  belt  was  evidently  divided  into  two,  and  on 
the  9th,  "The  division  of  the  belt  has  increased  rapidly.  On  the  21st > 
the  southern  division  of  this  belt  had  drilled  8'  in  latitude  to  the  south  of 
the  1band  which  gave  it  birth,"  and  "  the  south  equatorial  belt  at  this  date 
presented  the  appearance  of  irregularly  massed  cumulus  clouds,  forming 
three  distinct  aggregations  with  blunted  summits."  In  drawing  the 
unusual  colours.  Dr.  Mayer  used  pure  yellow,  yellow  with  crimson  lake, 
and  a  very  thin  wash  of  light  lead  tint  over  the  paler  shadings. 

MoOE  Sun. — A  fine  mock  sun  was  seen  by  Mr.  Slack  from  Ashdown 
Forest,  Sussex,  on  July  8,  at  seven  p.m.  It  was  about  15^  north  of  the 
true  sun,  orange  yellow  nearest  the  sun,  and  then  white.  After  some 
time  it  elongated  vertically,  and  very  slowly  faded.  Working  men  in 
this  neighbourhood  frequently  report  seeing  mock  suns  in  the  morning. 

AuBOEA. — On  Saturday,  September  3,  the  Scotch  papers  report  a  fine 
aurora  seen  over  a  wide  area.  At  Edinburgh  it  commenced  about  eight. 
"  A  thickness  like  a  dense  fog"  appeared  half  way  to  the  zenith  from 
the  northern  horizon.  As  it  crept  upwards  it  became  thinner,  and  long 
quivering  waves  of  light  shot  from  east  to  west,  and  at  right  angles  to  these 
thin  spears  of  light.  Innumerable  light  rays  sprang  from  the  convex 
rim  of  the  haze.  It  began  bright  yellowish  about  ten  p.m.,  when 
the  moon  set  the  effect  was  heightened,  and  the  light  was  rich  and 
purplish.  On  the  same  night  an  auroral  display  was  seen  by  Mr.  Slack 
at  Forest  Bow  about  ten  p.m.,  when  the  colour  was  crimson,  with  lighter 
beams  radiating  up  from  the  horizon.  At  an  earlier  hour  he  noticed 
a  peculiar  white  light  springing  up  north  of  the  sunset,  and  another  patch 
of  white  light  in  the  north-east,  both  commencing  near  the  horizon. 
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THE    EDIBLE    FROG. 
{Rana  Esculenta^  Linn,) 

BY     SHIBLBY     HIBBEBD. 
{With  a  Coloured  Plate.) 

It  is  a  question  of  some  interest,  requiring  many  considerations 
and  some  actual  experiments  for  its  solution,  who  has  the  best  right 
to  raise  a  laugh  on  the  subject  of  firog  eating — the  Frenchman  who 
eats,  or  the  Englishman  who  does  not?  Numerous  as  are  tho 
differences  in  detail  between  the  common  dietary  of  the  people  of 
this  country  and  those  of  the  continent  of  Europe,  there  are  only 
two  striking  differences  of  a  primary  nature  discoverable,  and  in 
respect  of  those  there  can  scarcely  be  a  doubt  that  our  position  is 
that  of  disadvantage.  The  French  eat  frogs,  and  the  favourite 
species  for  the  table  is  the  one  here  figured,  the  edible  frog,  Rana 
esculents  of  LinnaBus  ;  and  they  also  eat  snails,  the  favourite  species 
for  the  table  being  the  great  tempting  apple  snail,  Reliai  pomatia 
of  LinnaBus.  Having  kept  large  numbers  of  both  these  despised 
cattle,  it  has  occurred  to  me  that  a  figure  and  a  few  remarks  on  the 
frog  might  be  acceptable  to  the  readers  of  the  Student,  for  I  think 
I  may  venture  to  say  that  very  few  English  people,  even  if  of  ob- 
servant habits,  are  acquainted  with  the  green  or  edible  frog. 

As  the  common  frog,  i?.  temporaria,  Linn.,  is  the  common  frog 
of  Britain,  so  the  green  frog,  R,  esculenta,  is  the  common  frog  of 
France.  They  are  both,  indeed,  European  and  widely  spread,  and 
as  our  common  frog  is  found  on  the  continent,  so  the  green  frog  of 
the  continent  has  occasionally  been  met  with  in  Britain,  though  it 
is  decidedly  scarce.  Europe  has  but  three  species  of  frogs  in  all — 
the  two  here  named  and  the  exceedingly  pretty  tree  frog,  Hylas 
arborea,  Linn.,  which  has  tuberculated  feet  which  are  not  webbed 
as  those  of  the  EansB  are. 

The  green  frog  would  be  pronounced  by  careless  observers 
larger  than  the  common  frog,  but  it  is  not  so.  It  is  fully  as  large 
and  far  more  handsome ;  its  bright  and  beautiful  colouring  render- 
ing it  more  conspicuous,  and  therefore  apparently  larger  than  our 
common  species.  It  is  eminently  aquatic,  and  in  this  respect  differs 
materially  in  habit  from  its  British  congener,  which  goes  oftener 
upon  land,  and  thrives  in  districts  far  removed  from  water.  Another 
peculiar  characteristic  of  this  animal  is  extreme  shyness,  hence  it  is 
that  those  who  procure  frogs  for  the  markets  in  France  have  to  hunt 
in  "  melancholy  marshes  "  and  in  the  meres  of  sequestered  woody 
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districts.  My  own  colony  of  these  frogs  was  kept  in  a  froggery 
prepared  for  the  purpose  with  an  artificial  pool  and  rockery  con- 
taining many  damp  and  dark  hiding  places,  the  whole  being 
enclosed  with  boards,  surmounted  with  a  breadth  of  wire  netting. 
Here  they  were  happy,  provided  only  they  had  care  enough,  but  it 
was  hard  to  tame  them  ;  indeed,  common  frogs  and  toads  may  be 
tamed  with  certainty  in  a  few  weeks,  but  I  must  confess  that  though 
I  managed  to  overcome  the  extreme  timidity  of  my  beautiful  green 
frogs,  not  one  of  them  ever  became  so  tame  as  to  aJBTord  the  shadow 
of  an  excuse  for  boasting. 

As  they  spend  the  greater  part  of  their  time  in  the  water,  their 
habits  could  only  be  properly  observed  by  patient  and  quiet  watch- 
ing ;  that  they  go  through  the  same  tadpole  phases  as  other  frogs 
need  not  be  said.  When  their  metamorphosis  is  complete,  they 
feed  ravenously  and  grow  rapidly.  The  ordinary  manner  in  which 
the  creature  passes  both  week  days  and  Sundays  is  to  sit  on  a  leaf 
in  the  water  where  the  sun  shines  brightly  and  wait  for  a  fly,  or 
beetle,  or  butterfly  to  come  within  range,  when  it  is  snapped  and 
swallowed  in  much  the  same  way  as  the  toad  supplies  himself  when 
his  dinner  honours  him  with  a  visit. 

In  the  confined  space  that  my  frogs  were  kept,  it  was  impossible 
for  them  to  obtain  a  sufliciency  of  food,  and  therefore  worms,  wood- 
lice,  beetles,  and  other  such  delicacies,  were  provided  for  them. 
To  see  a  frog  take  a  worm  is  to  be  mightily  amused,  or  dreadfully 
disgusted,  according  as  the  observer  may  bo  inclined  to  take  things 
as  they  come,  and  in  the  faith  that  '^  Whatever  is,  is  right  '^^  or 
under  the  blighting  influence  of  the  prevalent  notion  that  only 
pretty  things  should  be  looked  for  in  nature,  and  that  the  so-called 
*'  ngly'^  things'  are  errors  of  creation.  The  tongue  of  the  frog  is 
soft,  and  attached  to  the  edge  of  the  jaw  folding  inwards ;  it  is 
necessary,  therefore,  for  it  to  keep  a  worm  in  the  centre  of  the 
mouth  while  performing  the  tedious  process  of  swallowing  it,  which 
may  account  for  the  grotesque  performance  of  the  animal  when  a 
worm  constitutes  its  dinner.  Master  Frog  first  points  at  the  worm 
as  if  its  movements  surprised  him.  He  then  turns  his  head  aside 
like  a  coxcomb,  and  views  it  sideways  with  one  eye,  just  as  we  may 
sometimes  see  a  parrot  take  the  measure  of  a  nut  that  has  been 
thrown  into  her  cage.  By  this  time  the  worm  has  made  another 
twist,  and  the  reptile  makes  a  dash  at  it,  grips  it,  and  instantly 
loses  it,  owing  to  its  vivacious  wriggUng.  After  a  pause  of  a  few 
seconds  another  plunge  is  made,  the  ^orm  is  secured,  and  as  it  is 
too  large  and  too  Uvely  to  be  bolted,  the  frog  labours  with  his  fore 
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feet  to  keep  the  worm  in  the  centre  of  his  mouth,  and  it  is  scarcely 
an  exaggeration  to  say  that  he  uses  his  feet  in  the  manner  of  hands 
to  poke  the  worm  down  his  throat. 

The  green  frog,  in  common  with  our  own  frog,  passes  a  large 
portion  of  his  time  in  the  practice  of  rigid  abstinence.  It  may  be 
that  both  species  feed  freely  from  the  beginning  of  June  to  the  end 
of  August,  but  it  is  highly  probable  that  they  never  touch  food 
through  all  the  remaining  nine  months  of  the  year ;  indeed,  I  never 
could  persuade  a  frog  to  eat,  except  in  those  three  months,  and  I 
have  kept  as  pets  very  many  of  all  the  three  European  species. 
But  while  the  desire  for  food  is  upon  them  they  eat  voraciously, 
and  should  have  plenty,  or  they  will  be  likely  to  die  during  their 
period  of  torpidity  in  winter. 

As  a  pastime,  with  a  view  to  utilitarian  results,  the  keeping  of 
green  frogs  and  apple-snails  proved  with  me  a  complete  failure, 
for  the  simple  reason,  that  to  provide  them  with  food  occasioned 
more  trouble  than  could  be  reasonably  given.  I  entered  upon  the 
pursuit  with  the  expectation  of  enjoying  an  occasional  dish  of 
delicate  food,  which  the  ordinary  cuisine  could  not  supply,  but  the 
frogs  demanded  extravagant  supplies  of  insects  and  worms  in  the 
summer,  and  the  snails  required  an  abundance  of  lettuces  from 
early  spring  until  late  in  the  autumn.  But  there  was  another 
objection  to  the  frogs,  and  that  was  their  music.  The  note  of  this 
frog  has  been  described  as  resembling  ^^  a  loud  snore,  exactly  like 
that  of  the  bam  owl."  I  always  thought — if  the  horrible  din  they 
made  at  night  in  the  breeding  season  did  not  utterly  stupify  me — 
that  it  was  a  sort  of  infernal  trumpeting  with  a  nasal  twang.  The 
croak  of  an  English  frog  is  downright  melody  compared  with  it. 

The  green  frog  is  such  a  beautiful  creature  that  we  might  be 
justified  in  giving  it  special  attention  for  that  reason.  It  is,  how- 
ever, especially  interesting,  because  of  its  employment  as  an 
esculent.  It  may  be  served  up  as  a  fricassee,  and  it  may  be  made 
into  soup.  The  cooking,  however,  is  an  important  affair ;  it  is  a 
parallel  case  to  the  cooking  of  whitebait,  which  it  is  well  known 
needs  an  experienced  artist,  or  it  is  unfit  to  eat.  In  case  any 
reader  should  be  inclined  to  indulge  a  feeling  of  regret  that  the 
edible  frog  is  not  common  in  this  country,  the  hint  may  be  com- 
forting that  our  British  frog  is  every  whit  as  good,  and  that,  in 
fact,  all  frogs  are  edible,  and  every  way  worthy  the  attention  of  a 
skilful  cook.     Experimenium  cruds. 
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WASPS    ANCIENT   AND    MODERN. 

BY  KDWABD  LATHAM  OBMEKOD^  V.D.^  F.S.C.P.^ 
I^hysician  to  the  Saaaex  Oountj  HospitaL 

Wasps  were  the  first  paper-makers^  but,  unfortunately  for  their 
reputation,  they  never  had  the  use  of  pen  and  ink  to  put  their  own 
good  qualities  on  record.  So  they  have  been  the  silent  suffering 
victims  of  an  unjust  judgment  ever  since  their  younger  fellow- 
citizen  of  the  world,  Man,  could  read  and  write,  and  transmit  his 
opinions.  I  am  not  going  to  inculcate  sentimental  zoology  and  to 
try  to  set  them  right  in  the  world^s  estimation;  but  rather,  I  fear, 
while  retaining  my  own  conviction,  to  confirm  this  ill-feeling 
towards  wasps  by  showing  that  they  have  always  held  the  same 
hateful  position  as  is  assigned  to  them  now-a-days  :  as  far,  at  least, 
as  the  occasional  notices  of  wasps,  which  have  occurred  to  me  in  my 
reading,  have  allowed  me  to  trace  their  family  history. 

Wasps  have  a  long,  though  perhaps  somewhat  of  a  Welsh 
pedigree.  The  Pyramids  of  Egypt,  the  occupation  of  Canaan  by 
the  Israelites,  the  siege  of  Troy,  and  the  fall  of  the  Roman  Empire, 
are  all  land-marks  in  their  history.  And  the  wasps  over  whom 
these  great  events  passed  were  probably  either  identical  with  the 
present  wasps  of  Western  Europe,  or  so  nearly  resembling  them  as 
to  be  undistinguishable  from  them  except  by  a  practised  eye.  Their 
story,  as  presented  in  these  pages,  is  written  quite  from  a  British 
point  of  view,  to  culminate  in  our  own  wasps,  as  we  see  and  feel 
them  now. 

The  storms  of  the  world  have  not  hurt  wasps  in  their  insignifi- 
cance, they  have  reappeared  like  the  barnacles  on  the  rocks  when 
the  waves  retired,  to  take  and  give,  to  be  trampled  on  and  wound 
in  return,  feared  and  yet  despised  through  all  ages,  their  bright 
redeeming  quality  being  their  intense  domestic  affection. 

The  insect  which  appears  so  often  engraved  on  Egyptian  monu- 
ments may  be  taken,  from  its  form,  either  for  a  bee,  a  wasp,  or  an 
ichneumon  fly,  which  last  it  most  nearly  resembles.  Horapollo* 
distinguishes  between  the  hieroglyphic  representations  of  wasps 
and  bees,  and  says,  among  other  things,  that  a  wasp  on  the  wing 
denotes  a  murderer.  But  Mr.  Sharpe,  so  well  known  for  his  success- 
ful studies  of  Egyptian  hieroglyphics,t  and  whose  kind  assistance  I 

•  **  The  Hieroglyphics  of  Honpollo  Nilons,*'  tranflUted  by  A.  T.  Corj.  Small  Sto. 
London,  1840,  pp.  82  and  103. 

t  **  Budiments  of  a  Tooabnlaiy  of  Egyptian  HiMroglyphios."  4to.  London,  1837. 
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have  great  pleasnre  in  acknowledging^  tells  me  that  Horapollo  is 
not  quite  a  safe  gnide^  that  his  interpretations  are  not  to  be 
unreservedly  adopted;  and,  with  regard  to  the  point  under  con- 
sideration, that  there  are  no  sufficient  grounds  for  asserting  that  any 
distinction  of  bees  or  wasps  was  intended.  In  one  figure,*  indeed, 
the  coincident  emblems — honey-pots — ^make  it  most  probable  that 
a  bee  was  intended.  But  such  a  coincident  explanation  is  excep- 
tional, and,  as  the  rule,  there  is  no  allusion  to  the  habits  of  the 
insect,  whatever  it  may  be,  nor  is  any  moral  implied.  The  figure 
of  the  insect  is  a  symbol  or  letter,  not  a  picture ;  it  is  simply  the 
prefix  to  the  name  of  a  king,  and,  as  such,  is  placed  over  the  oval 
ring  which  surrounds  the  royal  name.  Expressed  in  phonetic  charac- 
ters it  is  Nou ;  or,  with  the  semicircular  t  beneath  it,  nout,  as  the 
hieroglyph  to  the  left  is  so,  or,  with  the  suffix,  sot.     Here  the  com- 


Kame  of  an  Egyptian  king,  with  the  QBoal  prefix.  Copied  from  Mr.  Sharpe'i  work. 

bination  of  a  plant  and  a  winged  insect  represents  a  king.  In  a 
North  American  tribe.  Max  Mullerf  tells  us  that  the  conjunction  of 
somewhat  similar  emblems  is  employed  in  a  different  sense.  To  the 
Bed  Indian  mind  the  figure  of  a  man  with  a  plant  for  a  head,  and 
with  two  wings,  denotes  a  doctor,  skilled  in  medicine,  and  endowed 
with  the  power  of  ubiquity. 

After  Mr.  Sharpens  observations  it  is  unnecessary  to  follow 
Horapollo  any  farther.  Though  it  is  with  some  regret  that  one 
turns  away  from  all  that  Aldrovandus  %  says  on  the  subject,  in 
elucidation  of  the  good  qualities  of  wasps,  and  of  the  high  apprecia- 
tion of  those  qualities  by  the  ancient  Egyptians.  HorapoUo's  text, 
however,  it  must  be  acknowledged,  does  not  quite  bear  out  all  that 
his  genial  commentator  builds  upoii  it. 

Prom  the  Hieroglyphs,  in  which  wasps  have  only  a  contingent 
and  divided  interest,  we  turn  to  the  Bible,  where  these  insects  are 
mentioned  by  name,   and  a  distinct  duty  §  is  assigned  to  them. 

*  Fig.  288,  op.  oit. 

t  **  Chips  from  a  German  Workshop."  Vol.  i.,  p.  318. 1867. 
i  De  Animalibus  Inseotis.  Folio.  Bononie,  1638,  p.  220. 
{  Exodus  zxiii.  28. 
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The  hornet  is  expressly  indicated  as  a  means  for  slowly  driving  ont 
the  Ganaanites  before  the  advance  of  the  Israelites^  who  were  as  yet 
too  few  in  numbers  to  take  full  possession  of  the  promised  land. 
The  allusions  to  hornets  and  wasps^  though  no  more  than  four 
altogether,  are  all  to  the  same  effect^  and  very  precise. 

There  can  be  no  doubt  that  the  hornet  was  quite  equal  to  the 
task  assigned  to  her.  Whether  the  expulsion  was  effected  by  direct 
attacks  on  the  people  themselves^  or  by  destruction  of  their  cattle 
or  their  other  means  of  livelihood^  there  need  be  no  difficulty  in 
accepting  the  Scripture  statement  literally.  A  much  more  insignifi- 
cant insect  might  have  accomplished  this  quite  as  effectually ;  a  much 
less  powerful  instrument  might  conceivably  have  rooted  up  folks 
whose  ties  to  house  and  home  were  much  stronger  and  more  material 
than  were  those  of  the  devoted  nations. 

Apart,  however,  from  the  question  of  whether  the  insects  in- 
tended were  capable  of  the  task  assigned  to  them,  another  question 
arises  as  to  whether  hornets  were  intended  at  all,  whether  the  word 
isirdh  does  not  mean  something  different  to  a  hornet.  In  favour  of 
the  correctness  of  the  received  text  it  may  be  urged  that,  as  hornets 
were,  and  still  are,  very  common  in  Palestine,  the  authors  of  the 
Septuagint  translation  had  every  opportunity  of  being  familiar  with 
what  they  were  writing  about.  So,  if  they  rendered  tsirah  as  we  read 
it  in  our  own  translation,  and  selected  the  hornet  as  the  particular 
one  of  all  noxious  insects  to  which  the  word  might  most  properly  be 
applied,  we  may  contentedly  acquiesce  in  their  decision.  Should  any 
one,  however,  demur  to  this  conclusion,  and  wish  to  exercise  his 
right  of  private  judgment,  he  will  find  much  further  information  on 
the  subject  in  Bochart's  "  Hierozoicon,'^  *  where  the  question  is  dis- 
cussed with  great  impartiality,  and,  I  may  add,  at  great  length. 
Bochart  mentions  other  interpretations  of  the  word,  such  as  a  leprosy 
or  a  plague,  bodily  or  mental,  but  concludes  that  there  is  no  sufficient 
reason  to  doubt  the  literal  accuracy  of  the  received  text,  and  tluit 
tsirah  meant  a  hornet.  It  must  shake  the  confidence  of  any  one  in 
Bochart^s  conclusion  to  observe  that  throughout  his  pages,  replete 
with  book-learning  and  curious  items  of  wasp-lore,  the  distinctions  of 
natural  history  are  very  lightly  regarded.  It  would  be  too  much  to 
expect  any  distinction  to  be  drawn  between  different  kinds  of  wasps ; 
but  one  is  scarcely  prepared  to  find  wasps  and  bees  confused  together, 
and  to  see  that  both  alike  are  supposed  to  collect  honey  in  their  cells. 
Such,  however,  and  so  loose,  were  the  ideas  on  these  matters  of  many 

*  Bochart,  "  Hierosoicon."  Ed.,  BoeenmtUler,  4to,  Lipsias,  1796.  Tom.  III.,  cap.  xiii. 
de  yespiB  et  crabronibuB,  pp.  402 — 117. 
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of  the  authors  from  whom  he  quotes ;  and  of  these  ideas  he  caimot 
wholly  direst  himself. 

i^or  those  who  may  not  care  or  may  not  have  the  opportunity  to 
examine  Bochart  for  themselves,  and  probably  most  of  my  readers 
would  fall  under  this  category,  I  will,  in  illustration  of  this  point,  re- 
produce one  of  his  allusions  in  detail.  Later  in  point  of  time  than 
the  hieroglyphical  or  Scriptural  references,  this  story  is  curious  as 
presenting  our  clients  under  another,  which  we  will  call  a  mytho- 
logical, point  of  view.  I  do  not  know  of  any  book  in  the  English  lan- 
guage above  the  range  of  nursery  tales  which  corresponds  to  Ovid's 
''  Fasti,''  by  which  to  measure  the  amount  of  authority  and  credibility 
which  may  have  been  formerly  allowed  to  the  narrative.  So  Ovid 
shall  tell  the  story,  and  himself  vouch  for  the  accuracy  of  the  facts, 
both  of  mythology  and  of  natural  history.  * 

Once  upon  a  time,  Bacchus,  so  the  story  goes,  was  returning  from 
his  triumphant  progress  into  the  East,  with  his  camp-followers,  who 
constituted  the  greater  part  of  his  army,  in  attendance.  Just  under 
Mount  Bhodope  a  swarm  of  bees  were  attracted  by  the  cymbals  of 
the  Satyrs,  and  were  adroitly  hived  by  Bacchus,  who  was  equal  to  the 
occasion,  in  a  hoUow  tree.  The  progress  must  have  been  quite  in 
the  ancient  style,  for  there  was  time  for  the  bees  to  build  cells  and 
fill  them  with  honey,  and  for  the  motley  following  to  learn  the  taste 
of  honey.  The  flavour  set  them  all  honey-hunting  on  their  own 
account,  and  Silenus,  the  master  of  the  revels,  was  lucky  enough  to 
find  a  swarm  of  bees,  all  to  himself,  in  a  hollow  tree,  where  he  heard 
them  humming. 

We  are  cautioned  by  the  poet  that,  though  these  are  in  a  certain 
sense  serious  things, — Fasti — we  may  laugh. 

Non  habet  ingratOB  fabula  nostra  jocos. 

And  he  goes  on  to  tell  us  how  Silenus  brought  his  jackass  alongside 
the  tree,  and,  standing  on  its  back,  held  on  by  one  hand  to  a  branch 
while  he  put  the  other  hand  in  to  reach  the  prize.  The  result  needs 
no  oracle  to  foretell  it.  The  insects  which  fly  out  by  thousands  are 
now  called  crabrones,  no  longer  apes  ;  but  bees  or  wasps,  it  is  all 
the  same  to  poor  Silenus,  whose  bald  head  and  shining  face  are  made  a 
pincushion  for  their  stings.  The  ass,  too,  gets  his  share,  and,  lashing 
out,  deals  his  astonished  master  a  kick  on  the  knee  as  he  falls  head- 
foremost to  the  ground.  The  action  of  the  drama  now  becomes  very 
rapid.  The  curtain  falls  amid  shrieks  of  laughter  of  the  Satyrs  at 
the  plight  of  their  master,  thus  punished  for  his  greediness ;  while 

•  Ovid,  "Fasti,"  Hb.,  iii.,  t.  737. 
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Silenus  is  limping  and  roaring  for  pain ;  and  Bacchus  appears  at  last, 
the  Deus  ex  machindj  to  prescribe  Nature^s  ointment,  a  good  plaster  of 
mud,  for  his  aide-de-camp's  face^  and  a  ration  of  honey  all  round  for 
the  Satyrs.  All  compressed^  as  can  only  be  done  in  Latin  verse,  into 
a  few  lines.  Strange  that  so  much  nonsense  should  have  clustered 
round  and  obscured  a  few  simple  facts ;  that  the  moral  intended  in 
Bacchus^  if  we  take  Bacon^s*  explanation  should  be  actually  perverted 
by  the  copiousness  of  illustration,  or  that  the  introduction  of  religious 
rites  from  the  East,  according  to  modem  views,t  should  be  turned 
into  a  peg  on  which  to  hang  stories  of  how  men  learned  to  hive  bees 
and  eat  honey. 

I  have  already  remarked  that  it  is  not  clear  that  the  insects  in- 
tended in  these  early  notices  were  all  of  them  really  wasps.  The 
ancients,  as  a  rule,  at  least  those  who  read  and  wrote,  were  not  good 
naturalists.  A  point  of  character  took  their  fancy,  and  dwelt  in  their 
memory,  more  than  a  point  of  colour  or  structure.  And  they  bestowed 
their  names  on  insects  with  no  more  precision  than  Juliet  did  on  her 
roses.  It  is  not  that  the  Greeks,  to  whom  I  am  more  particularly 
alluding  just  now,  were  indifferent  or  incompetent  observers  of 
nature,  Uke  the  modem  Brazilians,  who  call  all  flowers  alike  jZore^, 
and  all  animals  from  a  fly  up  to  a  mule,  or  an  elephant,  hixos^X  or 
that  they  thought  the  study  of  natural  history  beneath  them ;  but 
that  the  knowledge  necessary  for  accurate  distinction  was  not  yet 
in  existence.  And  their  thoughts  ran  in  quite  another  direction.- 
They  did  not  compare  trees  with  trees,  and  stones  with  stones, 
seeking  for  differences  where  all  seemed  alike ;  but  they  clothed 
inanimate  objects  with  life  and  feeling,  and  peopled  the  earth,  sea, 
and  sky  with  beings  like  themselves.  They  classed  insects,  not  by 
their  structure,  but  by  their  habits,  and  endowed  their  familiar 
animals,  in  imagination,  with  the  mental  characters  of  their 
acquaintances.  So  it  is  not  to  be  wondered  at  that  there  was 
a  special  antipathy  to  our  little  black  and  yellow  friends,  who  had 
no  economic  properties,  like  the  bees,  to  recommend  them.  In  the 
immediate  presence  of  the  enemy,  probably,  then  as  now,  there  was  no 
opportunity  for  discrimination  between  wasps  and  bees.  But  when 
the  danger  was  over,  and  became  a  matter  of  history  or  poetry, 
the  stings^were  put  down  to  the  account  of  the  crahrones,  while 
the  bees  got  the  credit  of  the  music,  and  the  wax  and  honey. 

Bacchus  claimed  something  more  than  a  royalty,  the  perpetual 

•  **  Wisdom  of  the  Ancients,"  XXIV.  Dionysus,  or  Bacchus,  explained  of  the  Passions., 
t  Cox,  "  Talcs  of  Ancient  Greece."    Introduction,  p.  xxxii. 
X  Agassiz's  *'  Joum«»y  in  Brazil,*'  p.  76. 
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gratitade  of  mankind^  for  having  discovered  tlie  use  of  the  frying- 
pan^  which  has  been^  from  that  date^  a  domestic  institution  in 
hiving  a  swarm  of  bees.  But  it  does  not  appear  that  he  improved 
the  occasion^  by  inculcating  any  rules  of  caution  in  handling  his 
favourite  insects^  nor  does  any  such  caution  seem  to  have  been 
habitually  observed.  Instance  the  way  in  which  Samson  just 
stepped  aside  to  take  some  honey  from  the  swarm  in  the  lion's 
carcase^*  and  went  on  eating  as  if  he  had  done  nothing  out  of  the 
way.  The  mode  of  taking  wasps'  nests,  however,  was  reduced  to 
regular  strategic  rules  by  the  Greeks.  Timolausf  was  not  above 
taking  an  illustration  from  wasps,  when  he  advised  the  allies  to 
attack  the  Lacedaamonians  in  their  own  country,  on  the  same 
principle  as  they  would  put  a  torch  to  a  wasp's  nest,  before  the 
enemy  could  get  out.  Unfortunately  his  advice  was  nob  followed, 
or  the  wasp  might  have  become  to  the  Corinthians,  what  the  cicada 
was  to  the  Athenians,  at  once  their  pride  and  their  annoyance. 

Euripides  X  alludes  to  the  same  mode  of  taking  wasps'  nests  in 
the  carious  Satyric  drama  of  the  Cyclops,  suggestively,  and  as  a 
piece  of  comic  by-play  on  the  part  of  the  Chorus.  Homer  makes 
no  mention  of  this  use  of  the  blazing  torch,  in  the  original  draft  of 
the  story,  §  but  the  antiquity  of  the  method  appears  from  an  indirect 
allusion  in  the  Psalms.  || 

The  fact  of  a  swarm  of  bees  alighting  on  the  lips  of  the  infant 
Pindar  was  hailed  as  a  sign,  perhaps  a  cause,  of  his  future  powers. 
What  would  a  British  mamma  have  thought  under  the  circumstances  ? 
Certainly  the  bees  made  the  most  of  their  time,  for  cells  were  run 
up  and  filled  with  honey,  actually  under  Pindar's  nose.  The  omen 
was  certainly  auspicious,  as  it  turned  oat,  and  no  harm  happened. 
But  it  contrasts  with  what  the  Augurs  thought  of  wasps ;  for  the 
appearance  of  a  swarm  of  this  unpopular  insect  in  the  temple  of 
Mars  at  Capua  was  regarded  as  a  most  alarming  occurrence.  How- 
ever, all  was  done  that  could  be,  for  not  only  were  the  wasps  burned, 
but  the  magistrates  were  had  out,  and  a  regular  form  of  sacrifice 
and  supplication  was  gone  through  to  avert  the  impending 
calamity.^ 

So  much  for  the  religious  significance  of  wasps.     The  bees  per- 

*  JttdgoB  xir.  8,  9. 

t  Xenophon,  "  Historia  Gneca,"  Lib.  IV.,  §  2,  p.  116.  Dindorf. 
i  Ojdope,  T.  475. 
§  Odyssey,  IX.,  v.  382. 

II  "  They  compassed  me  about  lilce  bees;  they  are  quenohed  as  the  fire  of  thorn." 
Ps.  cxTiii.  12. 

Y  Aldroyandos  de  Animalibiu  Insectifl.  Folio,  1638,  p.  220. 
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haps  liad  as  little  reason  to  congratulate  themselves  personally  on 
their  more  dignified  position,  for  when  the  wax  and  honey  were 
wanted  their  crown  of  honour  equally  ended  in  smoke.  Still  they 
lived  afterwards  in  grateful  memory,  while  quite  another  epitaph 
was  inscribed  upon  the  tomb  of  the  wasps.  They  are  appointed 
the  guardians  of  the  grave  of  the  ungentle  poet  Archilochus*  by 
Gsetulicus. 

97/>€/xa  &7  irapdyieh'^ov  6Boi7r6p€y  fitf  irori  rovSe 

Kivrjat)^  rvfi^o)  CifnJKa^  e^fyfjivox)^. 

Q-ood  traTeUer  beware  qot  to  rattle  these  stoneB, 

Lest  70a  stir  up  the  hornets  that  swarm  round  his  bones. 

And,  worse  still,  Hipponax,  another  of  the  geniLs  irritabile 
vatum,  was  himself  poetically  transformed  into  a  wasp  by 
Leonidas,t  for  a  similar  offence  of  having  stung  his  rivals  to  death 
by  his  caustic  verses. 

arpifia  rov  TVfifiov  TrapTfiel^ere,  jmt)  tov  iv  virva 

TTiKpov  iyelpTfTC  a-<l)7]Kdva7rav6fjL€vov. 

Tread  light  as  you  journey,  and,  mind,  give  his  nest 

A  wide  berth,  lest  you  wake  the  cross  wasp  from  his  rest. 

If  wasps  had  no  fame,  they  had  plenty  of  notoriety.  Aristo- 
phanes stigmatizes  them  in  the  title  of  one  of  his  Comedies.  There 
is  little  in  the  play  bearing  on  their  natural  history.  They  are  only 
brought  forwards  as  apt  images  of  the  litigious  Dicasts,  who  lived 
by  bullying  and  plunder  committed  under  cover  of  the  law.  He 
was  indeed  aware  of  the  fact  that  the  drones  had  no  sting,  J  but  the 
argument  which  this  fact  is  made  to  point  is  unsound,  as  the  food 
which  drones  consume  is  very  small  in  amount.  And  the  comparison 
of  Philocleon  creeping  into  his  house,  like  a  bee  or  humble-bee  with 
wax — from  the  tablets — under  his  nails,  §  probably  involves  an 
erroneous  notion  as  to  the  mode  of  formation  of  wax. 

Aristophanes,  in  all  that  he  said,  did  but  express  the  popular 
notions  concerning  wasps,  and  availed  himself  of  an  illustration 
which  his  hearers  could  readily  appreciate.  Why  should  we  blame 
him  in  particular  for  this  poetic  injustice  ?  The  modern  wasp  was 
to  Shakespere  what  her  ancestor  was  to  the  Greek  muse,  quick 
and  irritable,  stinging  and  making  to  sting,  a  robber  by  taste  as 
well  as  by  trade.    It  was  just  the  thing  for  Katharine  and  Petruchio 

*  Anthologia  ChrsBca,  Thackeray.  London,  1867,  p.  340. 
t  Quoted  from  Bochart,  "  Hierozoicon/*  Tom.  III.,  p.  414. 
J  VespaD,  V.  1114. 
§  Ibid,  V.  107. 
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to  bandy  words  about.*  But  Shakespere  had  a  deeper  feeling  than 
this  about  our  clients^  and  the  thought  which  his  mention  of  a  wasp 
suggests^  on  more  than  one  occasion^  is  expressed  in  Julians  outburst 
of  pettish  anger  against  her  own  mischief-making  fingers — 

iDJurioufl  waspe,  to  fised  on  sach  sweet  honey, 
And  kill  the  bees  that  jieLd  it  with  your  slings.f 

.  Cowper^  again,  who  warmed,  like  the  Ancient  Mariner,  in  his 
love  for  animals,  caps  his  opinion  of  sour  old  Miss  Bridget  and  her 
eirea  irrepoema,  by  an  illustration  drawn  from  the  same  sourcet — 

Oensorions,  and  her  eyery  word  a  wasp. 

To  point  a  satire  or  to  furnish  the  sting  of  a  proverb  has  been 
the  literary  use  of  wasps  in  all  ages.  Qnod  semper,  quod  uhique, 
quod  ah  omnibus,  must  be  true ;  still  there  is  something  to  be  said 
on  the  other  side  of  the  question. 

The  wasps  which  lived  before  Agamemnon,  as  we  have  seen, 
have  no  reason  to  complain  of  neglect  and  oblivion.  Agamemnon^s 
contemporaries  are  still  better  oflF,  embalmed  as  they  are  in  Homer. 
Here  are  no  prejudices,  nothing  to  detract  from  the  simple  beauty 
of  the  comparison;  one  of  Homer's  touches  of  nature  sets 
them  before  us  in  all  their  native  restlessness,  and  their  recklessness 
of  danger  in  defence  of  their  brood,  hid,  then  as  now,  in  holes  dug 
out  by  the  rugged  way-side  : — 

oucia  TTOVijatovTav  6B^  eiri  iraLircCKoia'arriy 

ouS*  oTToXei'Trovaiv  kolKov  Bo/wv,  aXXa  fievovre^ 

avSpa^  drifyrfTTjpwiy  afivvovrcu  TrepX  rcKvav. 

"  Iliad,"  xu.  167. 

They're  like  the  many-ooloured  waipe,  or  bees  by  the  wayside, 
Making  their  nests  by  the  dusty  road,  nor  will  they  relinquish 
Their  deep-hollowed  hall,  but  await  the  assault  of  their  foemen. 
Combating  weU  to  the  last,  for  the  sake  of  their  home  and  their  ofispring. 

Simoox's  Translation,  Sfo,  London,  1865. 

It  is  fine  to  hear  the  grand  old  man,  as  we  fancy  him,  for 
whose  observation  nothing  was  too  small.  With  his  harp  tuned 
in  the  halls  of  princes,  he  was  not  too  proud  to  tell,  and  to  tell 
exactly,  of  the  ways  of  Nature's  lowliest  creatures.  He  could  feel 
for  aught  that  was  noble,  and  speak  of  it  in  the  same  words, 
whether  it  dwelt  in  the  breast  of  his  mighty  Hector  or  in  the  little 
body  of  a  wasp.      And  he  had  a  heart  to  love  all  things,  both 

•  "  Taming  of  the  Shrew."  Act  II.,  Sc.  1. 
t  **  Two  Gentlemen  of  Verona."   Act  I.,  Sc.  3. 
;     t  Table-talk.  Truth. 
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great  and  small,  all,  save  only  the  irrepressible  small-boys,  the 
Bedouins  of  all  ages,  to  whom,  probably.  Homer  was  then  in 
the  body,  as  now  still  in  the  book,  a  natural  enemy. 

axnUa  Bk  ajyrjicea'a'iv  ioucore:  i^e)(iovTo 
hvohloi^j  ob^  7raiSe9  ipiB/Maivaxriv  idovres, 

infTrUvxpi  •  ^wov  he  kcucov  iroKikearari  riffeurc, 

T0U9  B*  ei/irep  irapk  rk  t€  Kimf  avOp^oiro^  oilrri^ 

Kvvriarri  akK(ov,  oi  S  oKKifiov  ffrop  }k)(pvT€^ 

irpocrao)  ttS?  irirerac,  Kiu  afjuvvec  iurv  TiK€<r<n, 

*«  Iliad,"  xTi.  259. 

Initantlj  thej  poured  forth  like  the  wasps  which  dwell  hy  the  wayside. 

Which,  as  their  cnstom  is,  by  boys  are  ever  tormented, 

X'or  still  they  vex  them  as  they  dwell  in  their  nests  by  the  roadway, 

Fools  that  they  are,  and  a  common  ill  they  bring  upon  many. 

Then  if  some  wayfaring  man  unwittingly  move  them, 

Having,  their  puny  breasts  within,  a  Tehement  spirit, 

One  and  all,  they  fly  forth  enraged,  in  defence  of  their  young  ones. 

Simooz*s  Translation. 

The  poetry  of  wasps  begins  and  ends  with  Homer.  However, 
it  is  something  to  have  been  sung  of  by  the  Father  of  Poetry,  and 
it  is  still  more  to  have  engrossed  so  much  of  the  attention  of  the 
Father  of  Natural  History.  Aristotle^s  knowledge  of  the  habits 
of  wasps  was  considerable,  and  contrasts  favourably  with  that  of 
other  more  familiar  animals.  Speaking,  apparently,  from  his 
own  observation,  he  traces  the  nests  from  their  small  beginnings 
to  the  point  when  the  mother  wasp  ceases  to  build,  and  confines 
herself  to  her  strictly  maternal  duties  inside  the  nest.  He  de- 
scribes accurately  the  position  of  the  egg  at  one  side  of  the  cell, 
and  notices  how  the  grubs  at  the  end  of  the  season  are  developed 
into  larger  wasps — mothers,  as  he  calls  them.  And  following 
their  history  through  the  complete  cycle,  he  tells  how,  at  the 
end  of  the  season,  all  the  wasps  perish,  except  the  females,  which 
are  to  continue  the  race  during  the  ensuing  year.  Mixed  with 
these  apparently  original  observations  are  various  statements, 
which  he  thinks  it  right  to  reproduce  at  second-hand  without  vouch- 
ing for  their  accuracy. 

The  deficiencies  in  AristotWs  information,  are  obvious  enough 
to  us  now,  but  scarcely  more  so  than  they  were  to  himself.  He 
expressly  indicates  many  of  the  Hymenoptera  as  forming  a  natural 
order,  which  much  needed  a  name,  under  which  so  many  insects^ 
having  a  common  resemblance,  might  be  grouped.     In  particular. 
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lie  instances  bees^  wasps^  and  avOfyqvaiy  as  having  their  natural  home 
here.  He  keeps  the  bee  family  distinct^  but  the  avdprjvat  are 
mixed  with  the  wasps ;  and  though  the  word  is  translated  hornets ^ 
it  is  not  certain  that  these  insects  were  always  intended  by  the 
term.  Not  species  only,  but  genera,  were  involved  in  a  confusion 
from  which  it  needed  years  of  patient  accumulation  of  observation 
to  extricate  them.  And  he,  whose  work  was  so  sadly  marred  by 
the  want  of  the  knowledge  which  he  did  so  much  to  supply,  felt  its 
need  more  keenly  than  any  one  else.* 

Pliny,  to  whom  I  must  confess  that  I  refer  more  as  a  matter  of 
natural  history  etiquette,  than  from  any  respectful  consideration  of 
what  he  has  to  say  on  this  subject,  has  a  short  chapter  on  wasps  and 
homets.t  But  he  adds  nothing  of  value  to  what  he  adapts,  or  adopts 
from  Aristotle.  He  retains,  and  indeed,  rather  increases,  the  con- 
fusion about  the  drones,  and  he  repeats  the  story  of  the  ichneumon 
fly,  carrying  away  spiders  to  lay  her  eggs  in  them,  with  the  farther 
improvement  that  she  sits  on  these  spiders  to  hatch  her  young. 

Doubtless,  by  a  little  more  irregular  reading  and  hunting  in 
indices,  and  a  little  more  canvassing  of  my  literary  friends,  I  might 
be  able  to  lengthen  this  list  of  authors,  and  produce  a  few  more  who 
had  something  of  their  own,  or  of  some  one  else's  to  say  about 
wasps.  But  I  think  that  I  can  claim  my  reader's  willing  forgive- 
ness for  abstaining  from  these  researches.  Passing,  therefore,  over 
this  period,  we  come  to  another,  lasting  many  centuries,  during 
which  wasps,  like  so  much  else,  were  trodden  under  foot  unnoticed. 
Perhaps,  the  representative  men  of  those  ages,  who  have  left  their 
mark  so  indelibly  for  good  or  for  bad  on  that  dark  period,  might 
have  found  their  own  chief  characteristics,  as  great  robbers,  great 
melodists,  and  great  builders,  reflected  in  a  wasp's  nest.  It  was 
many  centuries  before  books  were  written  about  wasps,  such  as  we 
write  and  read,  now-a-days.  Meanwhile  the  wasps  themselves  had 
been  modernized.  With  the  decline  of  the  Boman  Empire,  a 
gradual  change,  though  only  in  name,  came  over  our  little  friends. 
The  ancient  crabrOj  of  uncertain  etymology,  and  of  the  masculine 
gender,  disappeared,  to  be  replaced  by  the  feminine  vespa  of 
Greek  origin.     Curiously,  chheha,  the  Sanscrit  word  corresponding 

*  See  Cresswell'B  traaaLation  of '*  AristoUe'B  Hiatorj  of  Aninmls."  Bohn,  London, 
1862.  The  most  important  passages  are  p.  127,  Book  Y.,  ohap.  17,  §  15 ;  p.  268.  Book 
IX.,  Chap.  27,  §  1,  and  Ohap.  28,  §§  1,  et  seqq.  I  hate  quoted  firom  this  as  more 
accessible  and  more  inviting  than  the  original  text. 

t  "Natural  History,"  Book  IT.,  chap.  24  (21).  VoL  HI.,  p.  24.  Bohn,  London, 
1855.    I  quote  again  from  a  translation,  the  only  copy  at  present  accessible  to  me. 
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to  the  Greek  (r<f>if(,  does  not  mean  a  wasp^  bat  a  bee ;  a  wasp 
being  represented  in  Sanscrit  by  varatdy  or  varald.*  Vespa  now 
appears  in  one  or  other  guise^  in  all  the  chief  languages  of  western 
Europe^  though  the  Celtic  dialects  have  their  separate  names  for 
this  insect. 

With  the  revival  of  learnings  wasps  came  in  for  their  share  of 
attention.  One  or  two  of  these  we  may  notice^  commencing  with 
Olaus  Magnus^t  Bishop  of  Upsala^  who  in  his  retirement  from 
Bome^  much  like  our  own  Izaak  Walton^  found  a  safer  occupation 
in  natural  history^  than  in  politics^  briefly  alludes  to  them  in  the 
history  of  his  native  country.  The  description  has  a  special  interest 
to  us  as  probably  relating  to  the  species  with  which  we  in  the 
north  have  to  do^  and  it  is  quite  as  minute  as  any  one  might  now-a- 
days  find  room  for  in  an  account  of  the  Fauna  of  a  country  in 
which  he  had  ceased  to  reside. 

But  the  type  of  mediae val  naturalists  is  Aldrovandus,J  who, 
like  B^aumur,  devoted  his  wealth  and  leisure  to  the  study  of  natural 
history,  and  in  a  portion  of  whose  voluminous  works  the  lover 
of  wasp-lore  will  find  some  most  amusing  reading.  A  first  glance 
at  these  venerable  pages — ^I  quote  from  quite  a  typical  copy  in  the 
library  of  the  College  of  Physicians,  frilled  with  marginal  references, 
and  crowded  with  quotations — Qiight  lead  to  the  conclusion  that  wasps 
were  a  very  popular  subject  with  the  older  writers,  and  that  here  was  a 
mine  of  information  on  this  branch  of  entomology.  But  further 
observation  corrects  this  impression  ;  for  the  references  are  numerous 
rather  than  various,  chiefly  to  Aristotle  and  Pliny,  with  allusions  to 
Nicander  and  the  classic  poets,  pointed  by  quotations  from 
Ariosto.  And  the  original,  observations  are  few,  and  so  circum-' 
stantial,  as  to  suggest  the  suspicion  that  the  writer  was  not  very  practi- 
cally familiar  with  his  subject.  But  it  would  be  ungracious  to  dismiss 
in  these  terms  a  book  to  which  I  would  confess  my  obligations,  if  not 
as  a  repertory  of  original  observation,  at  least  as  an  index  where 
I  havp  re-found  all  my  own  references,  and  found  many  more 
besides.  Useful  on  this  account,  the  work  is  carious  also  as  illus- 
trating a  phase  in  the  history  of  physical  science  when  men  played, 

*  I  haye  the  greatest  pleasure  in  acknowledging  mj  obligations  here,  as  on  many 
other  occasions,  to  my  learned  friend  Dr.  G-reenhill,  of  Hastings,  for  an  introduction  to 
tonrces  of  wasp-lore,  which,  but  for  his  kind  and  able  assistance,  would  have  been 
closed  to  me. 

fHistoria  de  Gentibos  Septentrionalibus,  eta  Folio,  Basilisk,  1567.  Lib.  XXIT 
capp.  8,  4. 

{  Ulysses  Aldrovandus  de  Auimalibns  Inseotis.  Libri,  YII.  I^olio,  Bononie,  1638. 
Lib .  I.,  capp.  6,  7,  de  Yespis  et  Crabronibus.    The  entire  work  runs  to  18  folio  Tolumet. 
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as  it  were,  with  the  statements  of  the  older  writers  instead  of 
confirming  or  correcting  them  by  recurring  to  the  observation  of 
Nature.  It  was  not  the  Hippocrates  ait — Qalenus  negat  of  the  schools, 
but  Galen  and  Hippocrates  were  jumbled  up  together,  and  everything 
that  everybody  had  said  was  reproduced  till  the  fact  was  quite  put 
out  of  sight  by  the  multitude  of  the  authorities,  the  wood  by  the 
trees. 

One  more  author  of  this  period,  though  scarcely  a  typical  one, 
claims  attention  here.  The  versatile  genius  of  Porta,*  to  whom  we 
owe  the  invention  of  the  camera-obscura,  was  for  a  passing  moment 
turned  to  natural  history,  but  only  to  add  the  weight  of  his  name 
to  the  statement  of  half-a-dozen  older  authors  that  wasps  were  gene- 
rated &om  the  carcase  of  a  horse.  This  belief  of  former  ages  neatly 
expressed  by  Nicanderf — 

iTTTTOL  yhp  (TifnjKtav  y€V€a'i<;  ravpoi  Bk  /leKura-^v 

he  reduces  to  a  formula,  by  the  aid  of  which  any  one  may  pro- 
duce a  swarm  of  bees,  within  a  given  number  of  days.  Had  Porta 
interrogated  Nature  herself  in  this  matter,  the  asserted  origin  of 
such  perfect  creatures  as  bees  and  wasps  in  the  decomposition 
of  animal  substances  would  scarcely  have  been  recognized  as  a  fact 
of  natural  magic. 

In  a  few  years*  time  a  change  came  over  the  study  of  natural 
history.  The  book  of  Nature  now  took  precedence  of  all  others. 
The  scholastic  incrustation  which  incumbered  every  topic  which 
had  been  mentioned,  however  casually,  by  any  writer  of  note,  was 
swept  away,  and  the  path  was  re-opened  by  which  all  subsequent 
observers  have  travelled. 

I  cannot  be  far  wrong  in  selecting  Swammerdam  as  a  repre- 
sentative of  the  class  of  naturalists  who  took  up  the  work  where 
Aristotle  had  left  it.  There  is  something  in  the  title  of  his  work 
suggestive  of  the  spirit  in  which  it  was  written.  J  Wasps,  however, 
it  must  be  owned,  obtain  but  scant  notice  from  him,  and  the 
descriptions  are  almost  exclusively  comparative,  in  illustration 
of  the  habits  and  structure  of  his  favourite  bees.  The  longest  and 
most  particular  description  is   of  the  tongue  of  the  wasp,  and  the 

•  Porta,  J.  B.,  "  Magia  Natupalie,**  24mo.  Lugd.,  Batar.,  1650,  p.  53.  Contraat  with 
this  book  its  modem  representative,  "  Letters  on  Natural  Magic,"  by  Sir  D.  Brewster. 
Small  Sto.  London,  1833. 

t  Quoted  from  Aldroyandus,  op.  cit.,  p.  228.  Nicander  is  cited  by  Cicero,  De 
Oratore,  Lib.  I.  Cap  16,  as  haying  written  on  agriculture,  as  Aratus  did  on  astronomy 
prcfclare,  though  both  alike  were  practically  unacquainted  with  what  they  were  writing 
about. 

t  "  Bybel  der  Katuur."    Folio,  Leyden,  1737. 
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occasion  of  introducing  it  is  characteristic.  He  scarcely  thinks 
that  the  lapping  mechajiisni  of  the  tongue^  which  he  denies  the 
existence  of  in  the  bee^  would  be  sufficient  to  satisfy  the  require- 
ments of  wasps^*  ^^  Cum  rapaces  admodnm^  truculentae,  atque 
avidissimae  sint  Bestiolse^^'  and  concludes  that  they  must  employ 
some  other  method  of  taking  in  food  besides  that  which  the  form 
of  the  tongue  suggests.  The  poor  wasps  have  no  share  in  the  note 
of  general  pious  admiration  which  the  mention  of  the  honey-bee 
evokes  in  every  page. 

Limited  in  the  choice  of  authors  to  a  few  well-known  and 
accessible  volumes,  stiU  I  have  no  doubt  in  adopting  E^aumurf 
as  the  representative  of  a  still  later  and  more  advanced  stage  of 
modem  Natural  history  as  applied  to  our  particular  subject.  A  wider 
choice  might  supplement^  but  could  scarcely  replace  these  interesting 
volumes.  We  feel  at  once  among  our  friends — ^the  wasps — of  this 
season.  There  is  nothing  in  the  pages  of  B^aumur  to  indicate  that 
he  wrote  so  many  years  ago.  The  descriptions  and  figures  are 
true  to  Nature  now  as  then^  and  we  need  the  old-fashioned  vignettes 
of  the  quarto  to  remind  us  that  these  observations  were  not  made 
by  one  who  Uved  and  dressed  like  us,  but  in  the  fresh  recollection 
of  the  times  of  the  Grand  Monarque. 

The  honey-bee  had  the  foremost  place  in  B^umur's  as  in 
Swammerdam^s  affections,  and  the  wasp  is  introduced  with  an 
almost  apologetic  preface,  as  the  natural  enemy  of  the  bees  which 
have  been  just  before  described.  Two  memoirs  are  then  devoted  to 
a  systematic  account  of  wasps  and  their  works,]:  in  which  the 
chief  features  of  their  natural  history  are  sketched  with  great  care 
and  skill.  The  distinction  between  wasps  and  bees  is  drawn  from 
the  old  classical  character  of  the  narrow  waist,  the  black  and 
yellow  or  orange  livery,  the  short  and  square  tongue,  and  the  habit 
of  foldiDg  the  wings  during  rest,  peculiar  to  the  family  of  wasps 
both  solitary  and  social.  He  describes  from  personal  observation, 
both  on  wild  and  imprisoned  swarms,  the  mode  of  making  and 
laying  on  the  paper  of  which  the  nest  is  composed,  and,  with  some 
doubt  as  to  the  correctness  of  the  results,  from  the  difficulty  of 
observing  all  the  circumstances  accurately,  he  calculates  the  time 
required  to  develope  an  egg  into  a  perfect  wasp.  A  nest  of  Polistes 
and  a  small  hornet^s  nest,  which  last  he  transferred  to  a  situation 

*  Op.   cit,  Yol.  i.,  p.  451.    Gaubiue,  in  his  Latin  trauBlation,  fully  conyeys  the 
animiu  of  the  original,  but  less  generallj  intelligible,  Dntch. 

t  <*  M^moires  pour  servir  k  THistoire  des  Insectes."  6  Tomes,  4ito,  Farisi  1734—42. 
i  Op.  cit.    Tome  yi.    Memoires  6  et  7. 
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conyenient  for  observation^  supplied  more  accnrate  data  for  his 
inquiry^  but  the  same  accident  befell  his  tame  hornets  as  subse- 
quently both  Pastor  MuUer^s  *  and  Mr.  Newport's^t  the  swarm 
languished  and  failed  after  the  loss  of  the  queen. 

Each  page  of  this  narrative  tells  of  the  exercise  of  the  most 
constant  varied  observation.  The  habit  of  the  insects^  their  gentleness 
to  those  who  would  handle  them  properly,  their  mode  of  feeding 
their  young,  and  the  difficulty  of  bringing  wasps  up  by  hand,  with 
many  little  points  of  difference  in  the  arrangement  of  various  nests, 
all  are  duly  noted.  The  nocturnal  habits  of  hornets,  which  cost  him 
his  queen,  the  symmetry  of  their  comb  depending  from  a  larger 
central  column,  and  the  coarseness  of  the  paper,  are  set  before  us  as 
freshly  as  if  only  written  yesterday ;  though  an  economist  might 
deem  the  suggestion  of  importing  from  Cayenne  the  materials  of 
which  the  card-board  wasps  make  their  nest,  a  little  oat  of  date, 
and  not  a  little  visionary. 

The  distinction  of  sex,  as  far  as  was  then  known,  is  clearly  laid 
down  and  illustrated  by  careful  microscopic  drawings ;  and  if  the 
microscopic  anatomy  of  wasps  occupies  so  small  a  space  in  their 
history,  we  can  hardly  be  surprised  when  we  consider  with  what 
difficulties  this  branch  of  inquiry  was  beset  in  B^aumur^s  time. 
But  the  want  of  proper  optical  appliances  was  scarcely  so  great  a 
stumbling-block  as  the  want  of  proper  distinctions  of  species. 
Seeing  farther  than  Aristotle,  Bdaumur  demurred  to  his  opinion, 
that  the  cause  of  wasps  building  in  high  places,  was  the  loss  of  their 
ruler.  But  he  does  not  explicitly  refer  this  habit  to  a  difference  of 
species,  nor  does  he  describe  what  really  does  happen  when  the 
wasps  have  lost  their  rulers. 

De  Geer  closely  follows  on  the  track  of  Reaumur,  in  a  work  of 
the  same  title,  j:  and  on  a  similar  plan.  As  R^umur  had  made  his 
observations  on  ground- wasps,  so  De  Geer  turned  his  attention  to 
the  species  which  build  in  trees  or  under  eaves.  His  descriptions 
lack  the  fresh  interest  which  we  find  in  B^umur,  but  this  is  due, 
in  a  great  measure,  to  the  care  with  which  De  Geer  has  constructed 
his  narrative,  supplementing,  not  reiterating  the  observations 
which  had  as  great  a  charm  for  him  as  they  have  had  for  all  other 
naturalists  since  his  time.  Here  are  more  or  less  exact  descrip- 
tions of  three  kinds  of  wasps.     The  small  wasp  needs  little  more  to 

*  Maguin  der  Entomologie.  Germar.  Halle,  1817.  Band  III.,  s.  56 ;  Band  III.,  i.  56. 
t  Trans.  Entomologioal  Society  of  London.    Yol.  III.,  1841-43,  p.  183. 
X  "Memoires  pour  servir  iirhistoire  des  InBOcteB."    4to.  Stockholm,  1752 — 1778. 
Tome  11.,  Fartie  2nde,  Memoire  18me. 
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be  said  to  establish  it  as  V.  Britannica  ;  and  the  importance  of  the 
form  of  the  male  saxaal  organs  is  insisted  on^  as  at  once  showing 
that  we  are  dealing  with  a  different  species  to  E^aumur's  gronnd- 
wasps.  His  middle-sized  hornet  appears  distinctly  to  be  F.  media, 
a  species  not  known  in  these  islands.  And  the  third  species  is  the 
famihar  nbiquitons  hornet^  drawn  with  unmistakable  accuracy. 

If  the  mode  in  which  De  Geer  tells  his  story^  and  the  generous 
way  in  which  he  limits  his  subject^  detract  from  the  interest  of  his 
work^  they  add  much  to  its  usefulness.  Omitting  all  such  topics  as 
he  deems  to  have  been  fiilly  illustrated^  he  never  fails  to  throw  the 
light  of  his  better  knowledge  on  any  point  to  which  he  addresses 
himself.  If  Reaumur  was  the  first  truly  modem  writer  on  this 
subject,  De  Geer  was  the  first  to  show  how  to  profit  by  such  a 
master. 

He  dwells  on  the  notched  outline  of  the  compound  eyes,  as  a 
character  distinguishing  wasps  from  bees ;  he  describes  the  locking 
of  the  wings  in  action,  and  their  folding  in  repose,  and  while  he 
improves  on  Eeaumur's  account  of  the  teeth,  he  denies  the  accuracy 
of  his  description  of  the  form  of  the  opening  of  the  mouth.  Speak- 
ing from  his  own  experience,  he  evidently  thinks,  and  all  will 
probably  agree  with  him,  that  B^aumur  greatly  overestimated  the 
number  of  wasps  in  a  swarm. 

Though  our  knowledge  of  the  natural  history  of  wasps  has  been 
much  advanced  since  B^umur  wrote,  there  can  scarcely  be  said  to 
be  any  work  which  constitutes  an  epoch  in  the  subject,  since  his 
time.  Perhaps  Kirby  and  Spencers  work,  which  has  done  more 
than  any  other  work  to  popularize  entomology,  may  seem  an 
exception  to  this  statement.  But  it  is  not  really  so.  They  stand  on 
the  same  ground  as  B^aumur,  the  popularity  of  their  work  is  due  to 
the  same  fresh  truthful  observation  of  Nature,  and  the  form  in  which 
their  work  is  cast,  to  which,  indeed,  a  good  deal  of  its  popularity 
is  owing,  tends  to  keep  out  of  sight  much  of  the  direct  advance  of 
entomology  since  B^aumur's  time.  How  all  this  knowledge  grew 
up  and  was  put  together,  it  would  exceed  my  present  limits  to  say, 
and  I  would  not  willingly  deter  any  one  from  the  study  of  a  most 
interesting  subject  by  a  display  of  names,  which  he  could  easily 
procure  for  himself,  whenever  he  may  need  the  information.* 

*  Westwood  *'  On  the  Modem  Classification  of  Insects,"  toL  ii.  p.  236,  grvw  a 
list  of  authors  on  the  Biploteryga,  to  which  may  be  added  the  foot  notes  and  textual 
references  in  the  particular  description  of  the  Yespide,  p.  244.  It  might  be  thought 
superfluous  to  mention  other  books  to  any  one  who  has  Hagen's  admirable  Bibliotheca 
Entomologica,  8to,  Leipzic,  1862,  to  refer  to.  But  Be  Saussure's  '*  Etudes  but  la 
Faraille  des  Yespides/*  3  Tomes,  8to,  Paris,  1852 — 58,  has  claims  to  the  student  of  this 
subject  which  should  not  be  taken  at  second-hand. 
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The  natural  history  of  wasps^  it  is  needless  to  say^  is  not  co- 
extensive with  entomology  generally^  and  I  fear  lest  I  should  seem 
to  have  given  them  a  longer  notice  than  they  can  fairly  claim.  Yet 
I  must  plead  that  much  entomological  knowledge  has  been  obtained 
by  the  study  of  the  structure  and  habits  of  the  Hymenoptera^  and 
that  the  hornet — in  her  own  way — deserves  as  well  of  science  as  the 
frog.  And  if  wasps  have  always  stood  in  the  cold  shade  of  the  bee, 
at  least  there  is  a  stamp  of  earnestness  on  all  that  has  been  written 
about  them^  and  an  entire  want  of  that  gasconading  which  occupies  so 
much  of  bee-literature.  And  yet  another  recommendation  to  busy 
men  who  take  up  entomology  as  a  pastime^  the  literature  of  wasps, 
however  fragmentary^  is  much  more  compendious  than  that  of  their 
popular  cousins. 

The  history  which  began  with  a .  few  scarcely  intelligible 
scratches  on  an  Egyptian  monument^  has  expanded^  at  the  present 
time^  into  an  account  as  cii*cumstantial  as  many  animals  standing 
much  higher  in  general  esteem  than  wasps  can  boast  of.  We 
recognize  now  in  the  wasps  a  large  well-defined  family  of  the 
Hymenoptera.  They  shade  on  one  hand  into  the  bees^  from  which 
they  are  chiefly  distinguished  by  the  arrangement  of  the  nervures  of 
the  wings^  the  narrow  tibia,  the  form  of  the  tongue^  and  of  the 
compound  eyes.  On  the  other  hand  they  are  separated  from  the 
sand- wasps  by  less  distinct  characters^  both  of  habit  and  structure. 
Though  we  do  not  feel  this  indistinctness  in  our  British  classifica- 
tion, the  only  intruder  among  our  Vespidce^  breaking  the  sharp 
outlines  by  which  the  Vespce  are  defined,  being  our  harmless  unnoticed 
Odyneri.  The  mention  of  a  wasp  to  us  in  England,  recalls  the  idea 
of  a  smooth  yellow  or  orange  insect  striped  with  black,  with  a 
square  short  tongue,  thin  legs,  a  pinched-in  waist,  and  a  sharp 
sting.  And  the  narrow  space  into  which  its  wings  are  folded  in 
repose,  must  have  struck  many  of  those  who  were  unaware  of  the 
distinctive  importance  of  this  habit. 

The  Vespce,  the  typical  family,  make  their  nests  of  paper,  with 
the  case  separate  from  the  horizontal  combs.  Though,  on  this  point, 
there  is  considerable  difierence  in  the  different  families  of  VespidsB, 
yet,  for  each,  its  rule  is  so  strictly  maintained,  that  the  relation  of  the 
case  to  the  comb,  the  direction  of  the  central  axis  of  the  nest,  the 
form  and  material,  to  the  minutest  detail,  have  been  made  the  basis 
of  a  method  of  classification  of  social  wasps.  But,  however  much 
the  general  form  of  the  comb  or  case  may  differ,  the  cells  are  always 
strictly  hexagonal,   and,   built   as  they  are  of  a  stiff  unyielding 
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substance^  we  must  take  iheir  form  as  a  result  of  tlie  instinct  of 
^he  individual^  not  as  an  incidental  effect  of  the  combined  work  of 
many  labourers. 

They  are  divided,  like  bees,  into  males,  females,  and  neaters, 
•which  last,  since  E^aumur  wrote,  have  been  shown  to  be  abortive 
females.  Their  nest  is  the  work  of  a  single  season,  the  colony 
beginning  with  the  qneen,  who  is  impregnated  in  the  previoaa 
autumn,  and  survives  the  winter  to  lay  the  foundation  of  the  paper* 
city.  The  whole  well-being  of  the  community  turns  on  the  queen- 
mother,  and  her  loss  is  absolutely  irreparable.  UnUke  the  queen- 
bee,  who  can  be  reproduced,  not  by  a  breath  exactly,  but  by  good 
feeding.  The  singular  law  of  Parthenogenesis,  by  which  abortive 
or  unimpregnated  females  can  lay  male  eggs,  obtains  among  wasps, 
as  among  bees. 

Wasps  are  no  respecters  of  persons,  it  is  only  our  knowledge  of 
them  and  their  habits,  that  gives  us  power  over  them.  Much  as  I 
have  handled  them,  I  never  venture  to  approach  them  without 
caution,  or  to  neglect  such  means  of  defence  as  are  adapted  to  the 
probable  amount  of  disturbance  I  am  about  to  cause.  At  least, 
however,  they  are  not  capricious,  and  they  only  give  blow  for  blow. 
The  happy  owner  of  an  active  wasps'  nest,  may  extract  much 
scientific  interest  out  of  it,  but  no  sentiment,  and  no  honey  worth 
the  having.  Wax  of  course  is  out  of  the  question,  and  the  honey 
which  some  wasps  are  said  to  collect,  is,  judging  from  the  pro- 
duction of  Nectariniay  a  nasty  mixture  of  pollen  granules  and  honey 
which  they  have  stolen  from  the  bees  and  put  away,  for  a  more 
convenient  season,  in  their  cells.  The  scientific  interest  of  a  wasps' 
nest,  however,  is  far  greater  than  that  of  a  bee-hive  ;  as  the  move- 
ments of  wasps  are  more  easily  directed,  and  more  readily  intel- 
ligible, than  those  of  honey-bees. 

The  title  of  this  paper  suggests  a  question,  which  it  seems  most 
convenient  to  discuss  here,  namely,  whether  the  species  of  wasps 
which  we  see,  and  sometimes  feel,  now-a-days,  are  identical  with 
those  of  ancient  times?  whether  Homer  and  Aristophanes  took 
their  ideas  from  the  same  wasps  as  supply  images  to  modem 
poets  ?  This  is  a  question  to  wkich  perhaps  no  positive  answer  can 
be  given.  However,  in  the  absence  of  any  direct  information,  we 
may  reasonably  infer  that  the  species  of  wasps  have  not  changed 
within  the  period  of  Man's  knowledge.  For,  during  these  few  hun- 
dred  or  thousand  years,  there  have  been  no  considerable  changes 
in    the    external    conditions  on  which  the  well-being   of   wasps 
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depend^  by  whicli  sucli  mutation  of  species  could  have  been 
effected^  or  to  whicli  wasps  might  have  adapted  themselves.  For 
rugged  ground^  rotten  trees^  garbage^  fruity  and  insects^  all  the 
ways  and  means  of  wasps,  have  certainly  been  available  for  them 
ever  since  Man  could  describe  what  he  saw  around  him.  The 
varieties,  indeed,  which  we  notice  in  collecting  the  Fauna  of 
different  countries,  show  that  the  laws  of  mutation  which  have 
affected  the  species  of  other  animals,  have  equally  affected  those  of 
wasps ;  but  within  human  knowledge,  in  the  cycles  counted  by  the 
historian,  not  by  the  geologist,  there  is  no  reason  for  asserting  that 
«ny  change  has  taken  place.  And  all  that  has  been  said  of  the 
classical  wasps  of  ancient  times,  may  be  applied  to  our  own,  saving 
always  the  difference  between  Monmouth  and  Macedon,  between 
Greek  and  English  wasps. 

There  are  seven  kinds  of  wasps  indigenous  to  these  islands 
which  seem  fairly  established  as  distinct  species.  The  varieties 
within  the  limits  of  some  of  these  species  are,  however,  considerable 
in  Great  Britain,  and  the  variation  is  still  greater  in  some  Continen- 
tal specimens.  At  the  risk  of  being  tedious  I  must  notice  some  of 
these  more  particularly. 

F.  sylvestrisj  so  variable  in  her  habits  that  it  is  questionable 
whether  she  should  be  regarded  as  a  tree  or  a  ground  wasp,  is 
singularly  uniform  in  her  markings.  But  F.  rufa  presents  such 
various  forms  and  tints  in  different  broods,  that  none  but  close  obser- 
vers could  be  sure  of  the  identity  of  the  species  in  them  all.  Only 
by  such  carefal  observation  is  F.  arborea  to  be  discriminated  from 
F.  rufa.  The  difficulty  is  greater  still  in  the  case  of  F.  germanica 
and  F.  vulgaris,  which  vary  into  each  other's  markings,  the  variation 
of  the  former  being  chiefly  by  increase,  that  of  the  latter  species 
by  diminution  of  the  markings.  As  a  matter  of  fact  the  exact  dis- 
tinction between  these  two  rests  not  on  any  outward  markings  but 
on  differences  of  the  internal  structure  of  the  males  of  the  two 
fipecies  respectively.  A  very  large  nest  of  F.  germanica,  which  a 
friend  kindly  brought  me  from  Madeira  in  1865,  had  all  the  wasps 
marked  in  a  veiy  peculiar  manner,  the  type  of  the  markings  tend- 
ing strongly  to  that  of  F.  vulgaris  in  both  sexes,  in  the  abortive  as 
well  as  in  the  perfect  females. 

But  the  occurrence  of  the  same  markings  in  specimens  of 
F.  germanica  from  Mentone,  prevents  the  inference  that  the  Madeira 
wasps  were  in  process  of  development  into  a  species  peculiar  to 
that  island.  Again  F.  britannica  varies  very  much  in  different 
broods,  the  lateral  orange  spots  being  well  marked  in  one,  while 
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they  are  scarcely  to  be  seen  in  another.  But  the  nearest  approach 
to  a  fixed  variety  seems  to  occur  in  V,  Crabro  where  there  are  two 
distinct  types  of  external  markings  one  kind  cloudy,  very  exactly 
resembling  the  markings  of  F.  vulgaHs,  the  other  with  hard  outlines 
and  narrower.  Still  as  these  distinctions  of  colour  are  unconnected 
with  difference  of  habit,  and,  as  far  as  I  have  seen,  difference  of 
internal  structure,  they  cannot  claim  the  importance  of  specific 
distinctions. 

To  the  question  how  far  are  these  'distinctions  hereditary  ?  I 
can  return  no  answer.  A  season  devoted  to  the  study  of  wasps^ 
in  a  demesne  from  which  all  animals  injurious  to  wasps,  and 
especially  little  boys,  were  rigidly  excluded,  might  probably  show 
how  far  the  characters  of  the  mother  were  impressed  on  her  brood. 
But,  such  as  wasps  are,  I  could  scarcely  anticipate  any  satisfactory 
results,  even  with  all  these  advantages,  from  an  attempt  to  cany 
this  inquiry  over  a  second  year,  into  the  next  generation.  Wasps 
are  manageable  enough  when  they  have  given  hostages  to  fortune 
in  the  form  of  houses  and  children,  but  it  is  as  impracticable  to 
make  a  wild  wasp  build,  as  to  make  a  polypody  grow  in  confinement, 
and  when  once  a  wasp  has  left  the  nest,  she  is  lost  to  observation. 

I  suppose  that  it  will  be  generally  conceded,  by  those  who  have 
considered  the  subject,  that  the  various  species  of  animals  and  plants 
which  occupy  different  countries  are  fixed  varieties,  which  have  grown 
up  in  the  lapse  of  ages,  adapted  to  the  various  circumstances  of  the 
countries  in  which  these  animals  and  plants  have  been  placed.  But 
how  they  grew  up,  whether  the  mutation  of  species  was  under 
the  guidance  of  natural  selection,  or  of  some  other  influence  for 
which  we  have  no  name,  and  of  which  we  have  no  precise  idea, 
observers  are  by  no  means  so  universally  agreed.  And  a  great  deal 
of  feeling,  which  has  nothing  whatever  to  do  with  the  question,  has 
been  introduced  into  the  discussion. 

I  have  neither  the  knowledge  or  the  leisure  to  enter  into  the 
question  here,  nor  do  the  social  Hymenoptera  furnish  the  ground 
which  an  advocate  of  the  mutation  of  species  by  external  influences 
would  willingly  take  his  stand  on.  Their  history,  indeed,  supplies 
some  of  the  most  formidable  objections  to  this  theory,  and  one  of 
these  is  notably  the  relation  of  the  workers  to  the  rest  of  the 
swarm.  The  workers  do  all  or  nearly  all  the  work ;  all  the  qualities 
which  are  beneficial  to  the  race  are  centred  in  them,  all  the 
capacities  of  the  race  are  tested  in  them.  Yet  these  workers  are 
only  the  barren  recipients  of  excellences  which  their  own  good 
qualities  have  not  evoked,  and  which  they  are  incapable  of  trans* 
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mitting.  Again ;  the  adaptation  of  a  common  larva  to  the  condition 
of  a  qneen-bee  by  change  of  position  and  noorishment^  while  it 
shows  what  can  be  done  by  external  influences  in  this  direction^ 
shows  how  very  limited  the  effects  are.  For  when  the  results 
of  these  preparations  are  to  be  worked  out^  at  the  veiy  moment  of 
projection^  the  embryo  is  most  carefully  sealed  up^  in  order  that  the 
powers  which  it  has  within  itself  may  work  without  any  hindrance 
from  external  interference.  What  happens  to  the  embryo  of  the  bee 
happens  to  the  embryo  of  all  animals;  the  materials  may  be 
supplied  from  without,  but  the  directing  power  which  disposes  of 
all  these  materials  comes  from  within.  And  beyond  the  external 
supply  of  materials,  and  the  internal  force  which  disposes  of 
them,  there  is  another  influence,  for  which  we  have  not  a  name, 
which  adapts  the  progressive  changes  of  the  embryo  to  conditions 
with  which  it  is  wholly  unconnected.  Under  such  guidance  are  the 
preparations  of  the  embryo  for  extra-uterine  life.  Such,  more 
remotely,  are  the  adaptations  of  the  chrysalis  for  its  evolutions 
exactly  at  the  time  when  the  series  of  arrangements  for  the  suste- 
nance  and  reproduction  of  the  perfect  insect  are  completed.  And 
such  a  relation,  though  it  be  less  obvious,  I  believe  to  exist  between 
all  created  beings  in  process  of  development  and  the  places  they  are 
to  occupy  in  creation.  Else,  considering  the  long  period  that  is 
required  for  the  development  of  a  new,  or  the  modification  of  an 
established  form,  by  the  time  that  the  zoological  changes  were 
completed,  the  external  conditions  to  which  they  were  adapted 
might  have  passed  away,  and  the  change  would  have  been  all  in 
vain,  hopelessly  futile  after  countless  ages. 

It  is  quite  as  consistent  with  all  that  we  know  of  the 
attributes  of  our  Creator  to  suppose  that  He  endowed  all  creatures 
in  the  first  instance,  with  a  power  of  adapting  themselves  to  all  the 
varying  circumstances  of  the  world  in  which  He  placed  them,  as 
that  He  created  them  in  all  their  different  varieties  in  each  different 
place,  and  still  creates  them  anew  as  may  be  required.  We  are  at 
liberty  to  suppose  either  case,  for  we  know  nothing  about  it ;  they 
are  both  equally  possible,  equally  consistent ;  but  Science  shows  the 
former  to  be  the  most  probable.  On  the  farther  question,  whether 
the  power  of  adaptation  has  been  left  entirely  to  the  creatures 
themselves,  or  whether  a  constant  directing  influence  is  exercised 
over  them.  Science  has  nothing  to  say,  and  we  must  be  guided  by 
the  analogy  of  God's  government  of  the  world,  as  far  as  we  can 
trace  it,  in  drawing  our  inference. 

Only  one  word  more  in  conclusion.     The  most  probable  result 
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of  all  the  living  occupants  of  the  world  striving  independently  after 
their  individual  advantage^  seems  to  me  illustrated  in  the  result  ot 
the  mutual  attrition  of  the  pebbles  on  the  beach.  I  see  no  sufficient 
reason  to  discard  such  phrases  as  a  place  in  the  Scheme  of  Nature 
or  in  the  Scale  of  Creation.  Admitting  fully  the  existence  and 
action  of  faculties  in  all  the  different  living  creatures  by  which  to 
adapt  themselves  to  their  several  places^  I  cannot  but  recognize 
in  all  this  the  Hand  which  made  both  them  and  their  places^  and 
draws  them  there.  And  holding  the  one  opinion  to  be  just  as 
tenable  as  the  other^  from  a  scientific  point  of  view^  I  prefer  the 
belief  in  a  constant  superintending  benevolence  to  that  which  is 
expressed  in  the  terms  of  the  Battle  of  Life  and  the  Struggle  for 
Existence. 


COAL-TAR  AND  ITS  PRODUCTS. 

BY  EDMUND  J.  MILLS,  D.SC,  F.C.S. 

{Oontinued.) 

In  the  course  of  the  two  preceding  articles,  allasion  has  been  made 
to  the  most  prominent  of  the  coal-tar  colours  which  are  prepared 
trom.  non-nitrogenous  bodies.  We  have  now  to  take  a  brief  survey 
of  the  much  more  extensive  and  still  more  important  territory  occu- 
pied by  the  colours  that  contain  nitrogen.  These  have  been  long 
known  by  the  somewhat  incorrect  name  of  aniUne  dyes. 

It  has  been  already  pointed  out  that  aniline  is  prepared  by 
redacing  nitro-benzol  with  iron  and  hydric  acetate,  and  that  nitro- 
benzol  is  produced  by  the  action  of  hydric  nitrate  on  benzol,  which 
is  contained  in  considerable  quantity  in  common  tar.  Now,  although 
these  transformations  have  been  known  to  chemists  for  many  years, 
aniline  and  its  derivatives  remained  but  laboratory  curiosities  until 
the  year  1856,  when  they  were  first  recognized  as  practical  sources 
of  dyeing  material.  It  was  in  that  year  that  Perkin  endeavoured  to 
turn  the  theory  of  compound  ammonias  to  profitable  account,  by 
preparing  quinine  from  a  derivative  of  toluidine.  This  object  will 
no  doubt  be  realized,  sooner  or  later,  in  connection  with  coal-tar, 
and  probably  in  some  altogether  unexpected  manner,  as  we  have 
seen  was  the  case  with  alizarin.  Perkin  failed  in  his  attempt ;  in- 
stead  of  obtaining  quinine,  a  "  dirty  reddish  brown  precipitate'^  was 
the  result.    Anxious  to  know  more  of  the  reaction,  he  then  pro* 


OOAL-TAB  AJfD  ITS  PRODUCTS.  473 

ceeded  to  examine  the  behaviour  of  aniline  (a  more  simple^  but 
analogous  body)  under  the  influence  of  the  same  oxidising  process. 
The  black  precipitate  thus  produced  appeared  sufficiently  unpro- 
mising in  the  aqueous  solution  from  which  it  had  separated;  but^ 
when  moistened  with  alcohol^  it  yielded  a  magnificent  purple  solution, 
which  proved,  on  investigation,  to  contain  a  new  and  very  remark- 
able tinctorial  agent,  now  familiarly  known  as  Mauve.  This  was 
the  starting-point  of  a  new  industry.  Mauve  is  the  product  of  a 
comparatively  simple  operation.  A  cold  solution  of  aniline  in  water 
contaiuing  oil  of  vitriol  is  mixed  with  the  proper  quantity  of  dissolved 
potassic  dichromate,  which,  under  such  circumstances,  is  capable  of 
producing  powerful  oxidising  effects.  The  general  character  of  the 
chemical  change  thus  brought  about  is  that  of  oxidation ;  but  its 
particular  course  has  not  been  satisfactorily  traced,  the  new  sub- 
stance, mauveine,  having  no  clear  symbolic  relation  to  aniline,  from 
which  it  is*  derived. 

a  Hy  N  C^  Hj,  N^ 

Aniline.  Mauveine. 

The  purification  of  crude  mauve  is  effected  by  washing  with  water, 
extracting  several  resinous  matters  with  naphtha,  and  then  dissolving 
in  alcohol ;  the  alcohoUo  solution,  when  evaporated,  yields  mauveine 
in  a  sufficiently  pure  state  for  commercial  purposes.  Perfect  purity 
is  attained  by  solution  in  a  very  large  quantity  of  water,  filtration, 
and  precipitation  with  an  alkali,  followed  by  repeated  washing  with 
water  and  the  alcohol  treatment  already  mentioned.  Mauveine  is 
then  lefb  as  a  black  lustrous  residue,  not  unlike  specular  iron  ore. 
Several  of  its  salts  are  crystalline,  the  acetate  and  hydrochloride 
exhibiting  a  beautiful  green  reflection  on  the  face  of -the  crystals* 
They  dissolve  in  strong  oil  of  vitriol,  forming  a  green  solution  which 
becomes  blue  when  diluted,  and  in  which  the  colouring  matter  con- 
tinues unimpaired.  Aqueous  hydric  chloride  behaves  in  a  similar 
manner;  but  ammonio  hydrosulpMde  gives  rise  to  a  pale  brownish 
tint. 

The  preparation  of  mauve  is  attended  with  considerable  loss  of 
aniline,  which  is  to  a  great  extent  converted  into  brown  resinous 
materials  of  no  tinctorial  or  commercial  value.  On  the  other  hand, 
mauve  is  most  easily  and  economically  applicable  to  dyeing  purposes. 
All  that  is  necessary  is,  to  immerse  the  silk  or  woollen  fabric  in  a  weak 
alcoholic  solution  until  the  desired  shade  of  colour  has  been  obtained. 
So  great;  is  the  attraction  of  silk  and  wool  for  the  colouring  matter, 
that  the  solvent  can  thus  be  decolourized  entirely.  Mauve,  however, 
does  not  combine  with  cotton.     Hence,  if  a  mixed  silk  and  cotton 
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tissue  be  immersed  in  its  solution  and  then  washed  with  water,  the 
cotton  retains  its  original  appearance^  while  the  silk  is  dyed.  Ma- 
genta^  picric  acid^  and  other  coal-tar  colours,  behave  in  a  similar 
manner.  Mauve  can  easily  be  fixed  in  cotton  which  has  been  pre- 
viously mordanted  with  stannic  hydrate  and  soaked  in  a  watery 
solution  of  tannin ;  or,  it  may  be  mixed  with  albumen  in  the  cold, 
printed  on  the  fabric,  and  fixed  by  means  of  steam. 

Mauve  is  a  very  stable  colour,  and  resists  the  action  of  light  to 
a  very  considerable  extent.  Attempts  have  been  made  to  constitute 
it  a  source  of  new  colours,  more  especially  a  blue  and  a  grey ;  but 
they  have  not  been  commercicJly  successful. 

The  history  of  Magenta,  which  rejoices  in  more  synonyms  than 
were  ever  possessed  by  any  other  tinctorial  agent,  having  been 
termed  fuchsine,  azaleine,  Solferino,  roseine,  rosaniline,  etc.,  etc., — 
is  of  a  somewhat  difierent  character  from  that  of  mauve.  The  latter 
colour  had  acted  the  important  part  of  a  pioneer,  and,  among  other 
incidental  benefits,  had  accomplished  the  preparation  of  aniline  itself 
on  a  manufacturing  scale.  General  attention  had  been  directed  to 
aniline  by  Perkin^s  discovery,  and  it  was  not  long  before  it  proved 
capable  of  yielding  a  red  pigment.  So  far  back  as  1843,  Hofmann 
had  noticed  the  red  coloration  produced  when  hydric  nitrate  acts  on 
aniline,  and  it  was  again  observed  by  Natanson  in  1856,  when  inves- 
tigating the  behaviour  of  aniline  towards  ethylenic  chloride.  In  1 858, 
Hofmann  had  recognized  its  specific  existence  and  its  basic  proper- 
ties ;  and,  at  the  commencement  of  the  next  year,  Messrs.  Verguin, 
and  Renard  Brothers,  of  Lyons,  took  out  patents  for  the  manufacture 
of  aniline  red  by  acting  on  aniUne  with  stannic  chloride  (chloride  of 
tin).  It  was  not  long  before  the  nature  of  the  obscure  chemical 
change  which  took  place  was  8u£Sciently  guessed  at  to  enable  a 
number  of  successful  experiments  to  be  made  for  producing  the 
colour  in  different  ways ;  and  the  number  of  unsuccessful  patents 
taken  out  at  about  the  same  time  was  proportionately  large.  As  it 
was  known  that  industry  was  now  willing  to  confer  on  investigators 
some  of  the  greatest  monetary  rewards  reaped  by  chemists  since  the 
time  of  Paracelsus,  a  somewhat  keen,  and  not  always  creditable, 
competition  was  the  result.  Patents  were  taken  out  for  the  pre- 
paration of  magenta  by  means  of  substances  which  were  in  many 
cases  quite  incapable  of  yielding  it,  and  were  as  often  ill  suited  to 
the  purpose.  A  few  really  useful  processes  stood  the  test  of  time ; 
but  the  one  which  effects  the  desired  object  most  cheaply  and 
effectively  is  that  of  Medlock.  This  consists  in  heating  aniline  with 
rather  less  arsenic  acid  than  is  sufficient  to  combine  with  it  chemi- 
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cally^  to  a  temperature  not  exceeding  160^  C.  A  somewhat  violent 
reaction  occurs^  accompanied  with  much  intumescence^  and^  at  the 
end  of  from  four  to  nine  hours^  the  transformation  is  complete.  The 
product  is  cooled^  when  it  becomes  brittle  and  bronze-like;  it  is 
purified  by  alternate  treatment  with  hydric  chloride  and  caustic 
soda^  with  the  assistance  of  filtration.  It  will  be  observed  that 
while  magenta  and  mauve  are  both  formed  by  an  oxidising  process^ 
that  the  conditions  are  respectively  very  difierent ;  mauve  requiring 
a  slight  excess  of  some  acid  body  and  a  considerable  amount  of 
water^  while  magenta  requires  a  slight  excess  of  aniline^  and  the 
presence  of  even  a  little  water  is  unessential. 

On  account  of  the  early  diflficulties  in  the  preparation  of  perfectly 
pure  magenta^  and  the  great  obstacles  which  stood  in  the  way  of  its. 
preparation  in  the  laboratory^  it  was  some  time  before  the  exact  nature 
of  this  remarkable  pigment  was  elucidated.  The  most  conflicting 
statements  were  made  respecting  it ;  and,  at  one  time,  its  colour 
seemed  to  be  almost  the  only  point  on  which  chemists  were  agreed. 
It  was  called  acid  by  some,  basic  by  others ;  it  was  said  to  contain 
oxygen,  and  to  contain  no  oxygen.  Improvements,  however,  gra- 
dually took  place  in  the  manufacture,  and  at  length  Hofinann,  with 
valuable  supplies  of  pure  material  obtained  Irom  Messrs.  Simpson, 
Maule,  and  Nicholson,  commenced  its  investigation. 

Magenta,  like  mauve,  is  a  general  commercial  name  for  a  basic 
body  and  its  saline  compounds.  Hofoiann  has  given  to  the  basic 
body,  in  this  case,  the  name  of  rosaniline;  and  its  formula  is 
Coo  Hig  N3.  Bosaniline  itself  is  quite  destitute  of  colour,  but  as  soon 
as  it  comes  in  contact  with  any  acid  substance  (vinegar,  for  instance, 
or  even  the  air)  coloration  takes  place  with  greater  or  less  rapidity. 
In  its  general  behaviour  with  the  ordinary  reagents,  rosaniline  closely 
resembles  mauveine.  There  is  but  little  loss  of  aniline  in  its 
preparation. 

The  salts  of  rosaniline  are,  for  the  most  part,  easy  to  crystallize 
and  of  great  beauty.  The  hydrochloride  (Cjo  Hi©  N3,  H  C  Z) 
and  its  analogues  exhibit  the  magnificent  green  reflection  of  the 
wings  of  certain  beetles ;  by  transmitted  light  they  appear  red. 
Chevreul  finds  that  the  green  colour  reflected  from  the  crystals  is 
complementary  to  the  well-known  tint  which  their  solution  imparts 
to  wool  and  silk.  That  this  difference  should  exist  at  all,  is  probably 
due  to  the  transition  &om  the  compact  state  of  the  crystal  to  the  fine 
division  of  the  powder  which  is  spread  upon  a  tissue  by  dyeing. 
Striking  illustrations  of  the  truth  of  this  explanation  are  very  com- 
mon in  chemistry.  Gold,  for  example,  when  very  finely  comminuted^ 
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is  a  purple  powder,  but  yellow  in  a  mass  of  considerable  dimensions. 
Tannate  of  rosaniline  has  a  beautiful  carmine  tint,  comparable  with 
that  obtained  from  cochineal ;  it  is  an  insoluble  powder. 

Hofmann^s  investigations  naturally  led  him  to  inquire  into  the 
relation  of  rosaniline  to  aniline.  The  formula  which  he  had  found, 
though  less  complex  than  that  of  mauveine,  resembled  it  in  bearing 
no  very  obvious  relation  to  the  parent  substance.  Nicholson  had 
already  remarked  that  certain  specimens  of  aniline  were  incapable  of 
furnishing  the  colour,  and  Hofmann  now  found  that  pure  aniline, 
from  whatever  source  obtained,  yielded  no  rosaniline  when  appro- 
priately treated.  At  first  it  was  conjectured  that  the  formation  of 
this  colour  might  be  due  to  traces  of  an  '^  isomeric  '^  or  twin  aniline, 
whose  existence  had  been  rendered  probable  by  Church.  Toluidine 
— a  substance  which,  as  pointed  out  in  the  last  article,  is  contained 
in  all  commercial  aniline — was  likewise  found  to  yield  no  rosaniline. 
But  when  a  mixture  of  pure  aniline  and  pure  toluidine  was  used, 
arsenic  acid  immediately  developed  the  splendid  coloration  charac- 
teristic of  rosaniline  ;  hence  toluidine  is  a  necessary  element  in  the 
theoretical  interpretation  of  the  reaction.  No  satisfactory  equation 
can,  however,  be  given  to  represent  the  whole  of  what  occurs ;  for, 
in  addition  to  rosaniline,  small  quantities  of  other  tinctorial  or 
resinous  matter  are  simultaneously  produced,  and  their  exact  nature 
has  not  yet  been  made  out. 

Silk  and  wool  are  dyed  by  mere  immersion  in  a  solution  of  rosa- 
niline salt.  The  liquid  has  to  be  diluted  considerably,  on  account  of 
the  extraordinary  violence  with  which  those  substances  abstract  its 
colour.  When  we  reflect  upon  the  meaning  of  this  fact,  namely, 
that  silk  and  wool  are  capable  of  removing  rosaniline  from  even  its 
most  stable  combinations,  we  are  compelled  to  assign  them  an  acid 
character,  of  an  intrinsic  energy  superior  to  that  of  hydric  chloride, 
or  hydric  sulphate.  Cotton,  on  the  other  hand,  requires  the  use  of 
mordants. 

One  of  the  impurities  in  commercial  magenta,  which  sometimes 
interferes  considerably  with  its  proper  tints,  is  chrysaniline 
(CjoHiT  Ng),  a  less  highly  hydrogenated  basic  substance  than  rosani- 
line. Both  it  and  its  salts  dye  silk  of  a  beautiful  golden  yellow,  but 
it  has  not  come  into  very  general  use,  inasmuch  as  being  only  a  by- 
product, and  not  occurring  in  large  quantity,  it  is  comparatively 
expensive.  In  conmierce  it  is  said  to  be  known  as  Victoria 
Orange. 

The  discovery  of  magenta  was  soon  followed  by  the  preparation 
of  another  dye  of  nearly  equal  importance,  in  which  magenta  itself 
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was  made  the  starting  point  instead  of  aniline.  Early  in  1861^ 
Girard  and  De  Laire  published  their  process  for  preparing  aniline 
blue,  or,  as  it  has  been  termed,  ^'bleu  de  Paris'^  and  ^^bleu  de 
Lyon.''  In  order  to  obtain  the  new  product,  it  was  merely  necessary 
to  heat  a  salt  of  rosaniline  with  excess  of  aniline  to  160°  for  a  few 
hours ;  gaseous  ammonia  was  given  off,  and  anihne  blue  left  behind. 
In  the  solid  state,  the  new  pigment  presents  a  copper-coloured 
reflection,  without  any  admixture  of  green.  Its  general  deportment 
is  very  similar  to  that  of  the  other  aniline  colours.  Hofmann,  to 
whom  the  chemistry  of  aniline  and  its  derivatives  is  so  greatly 
indebted,  commenced  the  investigation  of  aniline  blue  as  soon  as  it 
had  begun  to  be  manufactured  here  on  the  large  scale  and  in  the  pure 
state.  The  clue  to  its  nature  and  mode  of  formation  was  compara- 
tively easy  to  find.  Aniline  blue  is  rosaniline  in  which  a  constant 
proportion  (three  nineteenths)  of  the  hydrogen  has  been  exchanged 
for  phenyl  (Co  He),  a  substance  to  which  I  have  already  alluded  in 
connection  with  benzol.  The  following  comparison  will  render  this 
relation  more  clear. 

C«  H„  Hg  N3  C«  H,,  (Oe  H.)3  N3 

Eosaniline.  Triphenylic  Eosaniline. 

This  was  an  important  result,  for  the  theory  of  compound 
ammonias  points  at  once  from  this  to  the  certainty  of  obtaining  an 
endless  series  of  new  colours  of  the  same  general  type,  but  of  every 
variety  of  shade.  Here  is  a  fresh  instance  of  the  utility  of  the  pur- 
suit of  abstract  research ;  the  theory  in  question  had  been  elaborated 
and  settled  several  years  previously,  but  altogether  regardless  of 
any  application  which  commercial  people  are  apt  to  consider 
practical. 

Common  spirit  of  wine  is,  when  pure,  a  definite  chemical  com- 
pound, in  many  respects  analogous  to  potash  (potassic  hydrate). 
When  considered  from  that  point  of  view,  it  is  accordingly  termed 
ethylic  hydrate ;  for,  just  as  potassium  can  be  prepared  from  potash, 
so  can  ethyl  be  prepared  from  common  alcohol.  There  are,  more- 
over, very  many  substances  sharing  alcoholic  functions ;  wood  spirit 
consists  chiefly  of  methylic  alcohol,  distillers'  '^  faints "  of  amylio 
alcohol,  carbolic  acid  of  phenylic  alcohol.  Again,  just  as  potassium 
is  capable  of  forming  an  iodide  (potassic  iodide),  so  also  do  ethylic, 
methylic,  amyKc  and  other  iodides  exist.  Now  Hofmann,  by  acting 
on  rosaniline  with  these  iodides,  succeeded  in  preparing  triethylic, 
trimethylic,  and  triamylic  rosaniline,  aU  of  which  are  strictly 
analogous  to  triphenylic  rosaniline. 

Triethylic  rosaniline  is   a  very  rich  and  bright  violet,  and  is 
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extensively  used.  Trimethylic  rosaniline  resembles  it  very  closely, 
but  has  a  decidedly  bluer  shade.  There  exists  also  a  tritolylic 
rosaniline^  which  is  very  similar  to  ordinary  aniline  blue^  but  more 
soluble. 

The  fact  that  magenta^  on  heating  with  amline^  yields  ammonia 
and  aniline  blue^  has  led  to  the  treatment  of  a  salt  of  aniline  itself 
with  aniline.  Here  also  ammonia  is  found  to  be  given  off^  and  a 
salt  of  diphenylamine  is  formed,  which  it  readily  transformed  into  a 
blue  by  oxidising  agents.  This  reaction  has,  indeed,  proved  to  be  a 
very  fruitful  source  of  colour,  and  is  capable  of  almost  exhaustless 
variation.  Mauve  and  magenta  undoubtedly  constitute  the  most 
important  of  the  aniline  colours,  whether  we  consider  them  merely 
in  themselves,  or  as  the  actual  or  possible  sources  of  new  tinctorial 
substances.  They  are  also  the  best  investigated  of  the  aniline 
colours.  The  theory  of  those  we  are  now  about  to  describe  is  more 
obscure;  but  they  furnish  great  illustrations  of  the  many-sided 
appUcability  of  aniline  and  toluidine. 

Aniline  green  has  been  manufiictured  for  about  six  years.  It  is 
prepared  by  dissolving  purified  magenta  in  slightly  diluted  oil  of 
vitriol,  and  heatiug  it  for  some  time  to  100°  C.  with  a  considerable 
proportion  of  aldehyde.  Aldehyde  is  a  powerful  reducing  or  de- 
oxidising agent,  yet  its  effects  under  the  above  conditions  are  much 
more  energetic  than  could  have  been  anticipated.  It  is  the  first 
substance  of  its  kind  that  we  have  had  occasion  to  notice  in  the 
course  of  this  history.  When^the  mixture  has  been  heated  suffi- 
ciently it  is  treated  either  with  sodic  sulphide  or  with  sulphuretted 
hydrogen  water,  to  which  hydric  sulphite  is  afterwards  added ;  or 
with  sodic  hypo-sulphite,  the  well  known  fixing  salt  of  the  photo- 
graphers. A  green  liquid  is  then  formed,  which  requires  to  be 
used  at  once,  as  the  colour  is  very  liable  to  alter ;  a  precipitate  is 
simultaneously  thrown  down,  which  has  a  greyish  blue  tint,  and  is 
used  in  dyeing,  under  the  name  of  argentine.  Aniline  green  is  very 
commonly  prepared  by  the  dyer  as  it  is  wanted.  The  materials 
employed  in  its  preparation  render  it  rather  expensive.  It  has 
been  proposed  to  make  a  green  by  a  peculiar  method  of  oxidising 
aniline ;  but  the  process  does  not  seem  to  have  ever  attained  any 
commercial  importance.  Another  aniline  green  has  been  made  by 
using  excess  of  ethylic  iodide  in  the  preparation  of  Hofmann's 
violet ;  a  considerable  yield  of  the  former  colour  is  then  obtained, 
and  is  easily  freed  from  violet  by  digesting  the  crude  product  with 
a  weak  aqueous  solution  of  sodic  carbonate,  when  the  green  alone 
dissolves.     It  is  said  to  be  preferable  to  aldehyde  green.     Lastly,  a 
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mixtore  of  aniline  blue  with  picric  acid  has  been  employed  as  a 
green ;  but  the  result  is  very  unsatisfactory  in  artificial  light. 

Aniline  btack,  discovered  in  1862^  is  somewhat  connected  with 
aniline  blue  by  its  mode  of  formation.  It  is  not^  however^  a  true 
bla<sk^  but  an  extremely  dark  blue  or  green,  having  a  rich  velvety 
aspect.  A  disputed  point  in  relation  to  this  substance  is,  whether 
copper  is  or  is  not  one  of  its  essential  constituents,  or  at  least  neces- 
sary to  its  formation.  This  black  is  not  used  as  such,  but  is 
developed  in  a  tissue,  on  which  it  is  printed  in  the  state  of  paste. 
This  paste  essentially  consists  of  cupric  sulphide,  potassic  chlorate 
as  an  oxidiser,  and  hydrochloride  of  aniline ;  the  colour  is  developed 
at  about  30^  C,  and  the  fabric  can  be  washed  after  a  day's  in- 
terval. Other  copper  salts  have  been  used,  and  receipts  have  been 
proposed  in  which  no  copper  compound  appears.  In  the  former 
case,  the  paste  rapidly  becomes  so  acid  as  to  act  most  injuriously  on 
the  iron  rollers  as  well  as  on  the  tissue ;  in  the  latter,  it  is  said  that 
no  black  is  obtainable  unless  copper  or  bronze  rollers  be  employed. 
On  the  whole  it  seems  probable  that  a  copper  compound  is  required 
as  the  incentive  to  some  special  modification  of  the  oxidising  pro- 
cess, but  that  it  is  not  a  necessary  constituent  of  the  colour. 

Aniline  black  is  the  most  stable  of  all  the  coal-tar  colours. 
When  once  fixed  on  a  fabric  it  resists  every  eflFort  to  remove  it- 
Strong  acids  and  alkalies,  powerful  oxidising  agents,  alcohol,  ether, 
naphtha,  soap,  are  without  serious  eflFect  upon  it.  Even  when 
partially  bleached  by  the  continued  action  of  chloride  of  lime,  the 
original  colour  gradually  reappears  on  washing  and  exposure. 

Aniline  brown  and  maroon  are  products  of  the  same  kind  of 
oxidation  as  that  whereby  aniline  black  is  prepared,  only  that  it  is 
less  intense.  Thus,  for  example,  a  solution  of  magenta,  when 
treated  with  potassic  chlorate  and  hydric  chloride,  yields  Kcechlin's 
brown  as  a  precipitate,  which  is  soluble  in  alcohol  and  sulphuric  acid, 
but  insoluble  in  water.  It  is  fixed  on  cotton  by  means  of  albumen. 
An  excellent  maroon  is  obtained  by  boiling  a  mixture  of  hydrochlo- 
ride of  aniline  with  one-fourth  of  its  weight  of  hydrochloride  of 
rosaniline,  until  the  mass  suddenly  changes  to  the  desired  tint. 
This  colour  is  soluble  in  alcohol,  ether,  benzol  and  acetic  acid,  but 
is  precipitated  by  saline  solutions.  The  shades  it  yields  on  silk  and 
leather  are  very  satisfactory. 

It  has  been  already  stated  that  the  formation  of  what  is  termed 
an  aniline  colour  is  by  no  means  a  simple  chemical  change,  and  that 
in  most  cases,  we  are  still  ignorant  of  the  details  of  what  occurs. 
Each  colour  has  to  be  purified  from  some  other,  which  accompanies 
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it  in  varying  quantity^  and  is  an  index  of  a  complex  transformation. 
The  amount  of  tolnidine  which  theory  indicates  as  a  necessary  addi- 
tion to  aniline  in  the  preparation  of  magenta^  is  considerably  in 
excess  of  the  practical  quantity.  Stilly  there  are  some  general 
results  which  appear  to  be  sufficiently  demonstrated  to  be  worthy  of 
notice.  There  can  be  no  doubt^  for  example^  that  all  these  colours 
are  of  a  much  more  compound  nature  than  the  parent  substances^ 
and  that  the  effect  of  direct  oxidation  is  to  combine  aniline  with 
itself  and  more  or  less  toluidine^  with  simultaneous  subtraction  of 
hydrogen,  and  perhaps  carbon  and  nitrogen,  in  some  simple  forms. 
In  the  case  of  mauveine,  carbon  seems  certainly  to  have  been  lost. 
Derivatives  of  the  colours  are  obtained,  with  new  tints,  by  ex- 
changing the  hydrogen  of  a  ready-formed  colour  for  what  ia  termed 
an  '' organic  radical,"  such  as  phenyl,  methyl,  ethyl;  and  this 
process  is,  of  course,  attended  with  the  production  of  substances 
whose  formul89  are  increasingly  complex,  although  the  chemical 
change  therein  involved  is  not  complex. 

A  casual  perusal  of  the  chemical  literature  of  colours  might 
lead  to  the  conjecture  that  colour  and  complexity — the  kind  of 
complexity  that  can  be  indicated  in  a  formula — go  hand  in  hand. 
Guesses  of  this  kind,  however,  invariably  ignore  the  doctrine  of 
plurality  of  causes,  and  this  particular  one  is  encountered  by  a 
variety  of  adverse  facts.  The  group  of  '^  fatty''  bodies,  for  instance, 
or  substances  more  or  less  intimately  related  to  common  alcohol,  is 
very  familiar  to  chemists,  having  been  the  subject  of  most  intimate 
study.  Several  of  its  series  are  known,  in  which  (as  may  be  seen 
by  referring  to  the  table  at  the  end  of  the  last  article)  each  member 
differs  from  its  neighbour  by  C  Hg,  thus  forming  a  perfect  arith- 
metical progression.  Yet,  from  wood-spirit  to  the  wax-alcohols, 
from  marsh- gas  to  paraffin,  from  acetin  to  stearin,  no  colour  occurs. 
Again,  while  aniline  and  its  series  are  prolific  in  coloured  derivatives, 
picoline  and  its  followers,  whose  formulae  are  exactly  the  same,  prove 
to  be  sterile.  Theoretical  difficulties  like  these  afford  some  partial 
glimpses  of  the  enormous  territory  that  chemistry  has  yet  to  conquer. 
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STAR-COLOUBS. 

BY  THE  BE7.  T.  W.  WEBB^  M.A.^   F.B.A.S. 

It  can  be  matter  of  no  surprise  that  tte  Great  Creator  should  have 
thought  fit  to  diversify  the  stars  with  such  a  variety  of  hue.  On  the 
contrary,  it  is  fully  consistent  with  the  analogy  of  all  his  works. 
Everywhere  we  see  beauty  of  colour  not  less  provided  for,  than 
proportion  of  form :  and  the  aspect  of  a  flowery  meadow  in  its 
exuberance  of  tints  would  naturally  prepare  us  to  expect  something 
of  a  corresponding  character  in  the  expanded  fields  of  heaven.  And 
there  we  find  it ;  if  not  with  such  extreme  contrasts  of  hue,  yet  with 
diversities  quite  sufficient  to  do  more  than  attract  our  notice,  by 
gratifying  in  a  high  degree  our  sense  of  beauty. 

But,  though  not  surprising,  the  fact  is  a  very  interesting  one,  and 
connected  with  considerations  more  important  than  the  mere  pleasure 
of  the  eye.  The  identity  of  nature,  which  we  may  consider  fairly 
established,  between  those  remoter  suns,  and  the  central  luminary  of 
our  own  system,  gives  a  special  significance  to  every  token  of  individual 
diversity ;  and  that  significance  is  accidentally  of  greater  weight  in 
the  present  case,  because  it  has  been  hitherto  scarcely  possible  to 
study  those  distant  globes,  excepting  through  the  character  of  their 
light.  Of  their  masses  and  densities  we  are  likely  to  remain  for  ever 
as  ignorant  as  we  are  of  their  real  magnitude ;  a  few  only  have  given 
up  the  secret  of  their  distance ;  and  that  in  such  a  way  as  to  afford 
us  but  little  hope  of  ever  extending  our  measuring  line  to  the  minuter 
millions  that  throng  the  expanse  in  all  directions.  .The  recent  very 
remarkable  discovery  of  their  perceptible  heat  does  indeed  open  out 
a  most  curious  train  of  research,  but  one  of  very  difficult  prosecution 
and  probably  limited  extent ;  and  the  possible  detection,  in  certain 
cases,  of  their  planetary  trains  must  always  remain  with  the  pos- 
sessors of  a  few  colossal  instruments.  It  is  not  to  be  forgotten  that 
anomalies — or  what  may  seem  such  to  us — may  exist ;  that  some 
inconspicuous  and  as  yet  neglected  stars  may  show  an  unexpected 
amount  of  parallax ;  that  some  of  the  smaller  ones  may  be  found  to 
emit  a  disproportionate  degree  of  heat ;  or  that  attendants  shining 
only  by  reflected  light  may  be  detected  in  positions  where  their  pre- 
sence would  hardly  be  anticipated.  Every  possibility  must  be  kept 
in  view ;  especially  in  the  present  state  of  scientific  progress,  when 
all  the  more  promising  lines  of  research  have  already  been  followed 
out  to  such  prolonged  distances :  and  it  is  in  the  judicious  choice 
and  careful  and  unwearied  prosecution  of  some  of  these  more  recon- 
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dite  inquiries  that  the  chief  hope  of  distinction  for  an  astronomical 
student  now  lies.  But,  though  any  of  these  approaches  might  be 
well  chosen  by  those  who  have  leisure  and  needful  means,  yet  up  to 
the  present  time  no  access  to  the  nature  of  the  stars  lies  so  open  as 
that  through  the  constitution  of  their  light.  The  quality  which  alone 
makes  known  to  us  their  existence  and  position  still  ofiFers  the  readiest 
advance  in  studying  their  nature ;  and  of  light,  as  colour  and  bright- 
ness are  the  two  most  striking  characteristics,  so  each  deserves  to 
be  separately  examined.  The  variation  of  light  has  long  attracted  the 
notice  of  able  observers :  it  is  now  quite  time  that  the  peculiari- 
ties of  colour  should  receive  a  fuller  share  of  attention.  And  for 
this  the  moans  will  be  readily  found  in  the  daily  increasing  ranks  of 
amateurs  who  only  wish  for  suitable  employment.  To  quote  the 
words  of  one  of  the  greatest  masters  of  the  subject.  Admiral  Smyth, 
"  In  the  discrimination  of  colours,  zeal  and  ability  can  render  good 
service  to  the  general  cause ;  yet  without  the  observer's  encountering 
heavy  work,  or  toiling; on  monotonous  reductions:  .  .  .  (the 
inquiry)  may  be  advantageously  encountered  by  any  diligent  sharp- 
sighted  amateur,  who,  possessed  of  a  good  telescope,  and  inclined 
only  to  easy  and  pleasing  work,  is  nevertheless  zealous  to  become 
useful  in  the  cause  of  knowledge. '^ 

But  it  may  be  said,  and  with  much  show  of  reason :  Such 
researches  may  have  had  their  relative  value  some  years  ago ;  but 
they  have  now  fallen  back  into  an  unimportant  rank.  It  is  the 
spectroscope  from  which  we  are  to  claim  further  information  as  to 
the  constitution  of  those  distant  suns.  It  has  already  worked 
wonders  in  the  hands  of  Huggins  and  Secchi;  and  when  the 
magnificent  apparatus  now  in  progress  for  the  former  is  completed, 
what  may  not  be  expected  from  it  ?  And  though  its  more  delicate 
indications  must  of  course  remain  beyond  the  reach  of  ordinary 
amateurs,  yet  the  smaller  instruments  which  owe  their  perfection  to 
the  skill  of  Browning  have  quite  power  enough  to  show  the  more 
prominent  features  of  the  stellar  spectra ;  and  it  is  in  this  direction, 
rather  than  in  that  of  mere  eye- estimation,  that  the  enterprise  of 
observers  should  be  directed. 

This  reasoning  is,  however,  more  specious  than  sound.  It 
assumes  that  the  spectroscope  can  do  everything  that  can  be  done 
by  the  eye,  and  more :  but  the  assumption  is  not  correct.  It 
can  do  what  is  more  interesting  and  more  valuable,  as  revealing 
much,  otherwise  wholly  unsuspected,  of  the  internal  constitution  of 
the  source  of  light:  yet  there  are  points  in  which  its  indications 
require  to  be  supplemented  by  ordinary  vision.     The  eye  is  capable 
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of  detecting  many  disiiactions  in  colour  which  the  prism  is  incom- 
petent to  deal  with.  Mere  colour  is^  of  course,  no  criterion  of  the 
compoeition  of  light ;  since  the  elementary  bands  may  be  entirely 
dissimilar  in  combinations  of  colour  which  produce  the  same  effect 
upon  the  eye  :  and  this  is  known  to  ^be  the  case  among  the  stars. 
But,  on  the  other  hand,  simple  vision  is  fully  competent  to  discri- 
minate among  shades  of  colour  where  the  spectroscope  would  be 
altogether  at  fault :  and  even  when  the  difference  of  hues  amounts 
to  contrast,  the  instrumental  results  fall  far  short  of  the  unhesitating 
and  peremptory  judgment  of  the  sight.  This  point  has,  perhaps^ 
not  been  sufficiently  attended  to  :  yet  the  remark  is  capable  of  the 
easiest  verification.  The  spectra  of  even  oppositely-tinted  substances 
will  often  be  found  much  less  unhke  than  would  have  been  sup- 
posed ;  and  in  the  detection  of  delicate  gradations  the  whole  balance 
will  be  in  favour  of  the  unaided  eye — ^the  feebleness  of  the  deficient 
hues  in  prismatic  dispersion  being  less  apparent  to  the  sense,  than 
the  strength  of  the  prevailing  ones  in  the  united  result.  It  would, 
therefore,  be  a  superficial  criticism  that  would  depreciate  the  exa- 
mination and  registration  of  star-colour  as  a  childish  amusement  in 
comparison  with  the  labours  of  spectrum-analysis.  It  is,  no  doubt, 
far  less  laborious,  and,  at  the  same  time  less  instructive ;  but  it  has 
its  uses,  and  they  are  not  without  an  importance  of  their  own.  It 
will  be  easy  to  point  out  two  respects  in  which  these  eye-estimates 
possess  considerable  value. 

The  first  is,  the  incompleteness  of  every  attempt  at  a  natural 
history  of  the  heavens  in  which  this  characteristic  finds  no  place.  It 
is  surely  only  correspondent  with  the  existing  "  stand-point^'  of 
astronomy  that  each  sufficiently  conspicuous  star  should  have  its  own 
appropriate  description :  and  if  magnitude  and  position  only  are 
specified,  however  adequate  these  may  be  for  mere  identification,  the 
catalogue  has  no  more  pretension  to  completeness  than  a  botanical 
work,  in  which  all  mention  of  the  colour  of  flowers  had  been  omitted. 
In  this  point  of  view,  therefore,  very  much  remains  to  be  done. 

A  second  reason  is,  that  it  is  chiefly  by  eye-estimation  that  we 
shall  accumulate  evidence  respecting  that  very  curious  phenomenon, 
a  change  of  colour  in  certain  stars  :  a  phenomenon  importing  con- 
sequences which,  however  inappreciable  at  such  an  enormous  dis- 
tance, must  in  themselves  bo  of  very  serious  magnitude.  There 
can  be  little  doubt  as  to  the  fact ;  especially  as  it  is  related  in  con- 
nexion with  the  most  conspicuous  object  in  the  whole  starry  heavens. 
No  question  can  be  entertained  as  to  the  intense  whiteness  of  Sirius 
at  the  present  day :   or,  if  there  is  any  slight  tinge,  it  is  rather  of  a 
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eappliire  cast.  Yet  lie  was  not  only  classed  among  the  raddy  stars 
in  tlie  ancient  catalogue  of  Ptolemy^  but  called  red  by  Horace^  and 
(though  less  unequivocally)  by  Cicero :  and,  what  is  even  more  to 
the  purpose,  is  distinctly  asserted  by  Seneca  to  be  of  a  keener,  or 
more  vivid  red,  than  Mars  :  so  that  Humboldt  considers  a  change  of 
colour  to  be  historically  proved.  It  seems  also  incontestable  that 
the  Great  New  Star  of  1572  changed  from  white  through  yellow  to 
ruddy  during  the  degeneration  of  its  lustre.  The  curious  variable 
It.  Oeminorum  has  been  described  by  its  discoverer.  Hind,  as  passing 
through  shades  of  blue,  yellow,  and  red,  during  its  change  of  bright- 
ness ;  and  among  double-stars,  where  juxtaposition  gives  especial 
facihty  to  comparison,  suspicions  of  such  alterations  have  been  pretty 
freely  entertained.  However  wonderful  may  be  the  results  justly  to 
be  expected  from  the  prismatic  analysis~of  these  phenomena,  the  first 
intelligence  of  them  will  probably  be  communicated  by  a  simpler  mode 
of  observation.  "We  have  then  abundant  ground  for  asserting,  without 
prejudice  to  spectrum-analysis,  that  the  eye,  especially  when  aided 
by  telescopic  power,  may  be  profitably  employed  in  independent  re- 
searches into  the  character  of  stellar  light:  and  we  may  express 
some  surprise  that  this  interesting  study  should  remain  so  incom- 
plete in  the  present  state  of  astronomy ;  as  well  as  the  confident 
hope  that,  from  the  ease  of  its  prosecution,  it  may  soon  be  brought 
up  to  a  point  corresponding  with  our  general  advance  in  this  glorious 
study  of  the  works  of  the  Creator. 

It  will  not  however  be  supposed  that  a  charge  of  entire  neglect 
is  implied  in  what  has  been  said.  On  the  contrary,  much  has  been 
done ;  but  so  done  that  it  calls  for  more  :  it  has  been  unequable  and 
partial,  and  confined  almost  exclusively  to  double  stars,  when  it 
ought  to  have  been  by  this  time  extended  to  every  object  of  suffi- 
cient magnitude  in  the  heavens.  The  earliest  observers,  who  were 
assuredly  deficient  neither  in  acuteness  nor  perseverance,  could  not 
fail  to  be  struck  with  such  contrasts  as  are  exhibited  by  Wega  and 
Antares,  or  Betelgeux  and  Bigel :  and  six  stars  are  enumerated  by 
Ptolemy  as  having  a  fiery  reddish  cast  {Sirius  being  one  of  them). 
The  invention  of  the  telescope,  not  merely  intensifying  known 
colour,  but  disclosing  a  new  and  more  extended  range  towards  either 
end  of  the  spectrum,  would  naturally  awaken  a  fresh  interest  in  the 
subject ;  but  it  does  not  appear  that  any  systematic  attention  was 
paid  to  it  before  the  revolution  eflfected  in  sidereal  astronomy  by 
the  labours  of  Herschel  I.  His  ever-faithful  records  would,  how- 
ever, have  possessed  greater  value  in  this  respect,  had  not  his 
estimates  contained  a  greater  preponderance  of  red  than  has  met 
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with  the  concurrence  of  later  observers.  This  has  been  referred  to 
the  composition  of  his  specala,  but  was  more  probably  due  to 
*'  personal  chromatic  equation/'  or  peculiarity  of  vision.  Struve  I. 
went  far  ahead  in  the  registration  of  star-colours,  when  his  mag- 
nificent Dorpat  Catalogue  was  in  the  course  of  formation.  But  no 
man  has  done  more,  or  rather  in  point  of  refined  accuracy  no  man 
has  done  so  much,  as  our  own  great  observer.  Admiral  Smyth. 
The  acuteness  of  his  colour- vision,  sharpened  by  long  exercise  and 
special  attention,  perfected  his  invaluable  Bedford  Catalogue  in  this 
respect ;  and  an  idea  of  the  minute  gradation  of  his  scale  may  be 
formed  from  the  following  enumeration  of  tints : — ^White,  silvery, 
flushed,  yellow  of  various  shades  from  straw  to  topaz,  orange, 
emerald,  apple  and  sea-green,  blue  from  cerulean  to  smalt,  lilac, 
amethyst,  purple,  plum-colour,  violet,  garnet,  rose,  fiery  red,  ruby. 
By  organs  less  sensitive  than  his,  many  of  these  delicate  distinc- 
tions would  not  be  recognized;  but  still,  enough  of  contrast  will 
remain  to  strike  any  but  a  deficient  sight.  For  it  is  unquestion- 
able that  annoying  deficiencies  are  to  be  met  with,  and  it  is  im- 
portant that  any  one  disposed  to  undertake  this  branch  of  study 
should  be  previously  satisfied  that  his  colour-vision  is  normal.  The 
caution  is  more  needful  than  some  persons  may  suppose.  Dr. 
Wilson,  who  paid  especial  attention  to  the  subject,  was  brought  to 
the  conclusion — rather  a  startling  and  far  from  a  pleasant  one — ^that 
probably  not  less  than  one-fiftieth  of  our  population  is  as  colour- 
blind as  Dalton  himself,  mistaking  red  and  brown  for  green,  and 
purple  for  blue :  and  that  the  proportion,  if  all  kinds  and  degrees 
of  this  defect  were  included,  would  rise  as  high  as  1  in  20.  A 
comparison  with  other  sights,  and  especially  a  trial  by  arranging 
disordered  skeins  of  wool,  or  pieces  of  other  coloured  material, 
according  to  their  tints  and  shades,  would  therefore  be  a  desirable 
preliminary  on  the  student's  part,  lest  his  results  should  be  vitiated 
without  his  being  aware  of  it. 

It  may  possibly  be  due  in  great  measure  to  such  peculiarities, 
not,  however,  excluding  diflferences  of  instruments  and  climates, 
peculiar  states  of  atmosphere  and  health,  and  other  trifling  but 
operative  causes,  that  we  meet  with  less  agreement  than  might 
have  been  expected,  when  we  review  the  labours  of  the  fore-named 
and  other  eminent  observers,  who  need  not  now  be  specified  in 
detail.  An  unsatisfactory  feeling  is  thus  imported  into  the  inquiry, 
which  we  should  gladly  have  dispensed  with.  Still,  the  truth  must 
be  told ;  and  the  diflSculty  had  better  be  comprehended  in  its  full 
extent.     As  an  illustration  of  such  discrepancies — ^perhaps  a  some- 
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wliat  exiareme,  but  a  very  instructive  one — we  may  cite  the  following' 
observations  of  the  colours  of  the  fine  double  star  a  Pisdum : — 
Struve  I.,  greenish  white,  blue,  1831*16  (mean  of  8  years).  Smyth, 
pale  green,  blue,  1 838*87  :  greenish  and  pale  blue,  1850'8.  Sestini, 
both  white,  1844'8.  Bishop's  Catalogue  (Dawes?)  pale  green,  blue, 
1842-9?  1845-7?  Dawes,  very  white,  white,  1846-923.  Fletcher, 
both  yellow,  1851-7.  Miller,  green,  blue,  1852-3.  Powell,  both 
greenish  white,  1854*8.  Madler,  white,  bluish,  1856-164.  Secchi, 
white,  orange-yellow,  1855-793:  both  white,  1855*799:  white,  blue, 
1857-0  :  adding,  that  the  colours  seem  uncertain.  Wrottesley,  pale 
yellow,  bluish,  1858-7.  Dembowski,  white,  ashy  white,  1854-44: 
pale  bluish  green,  pale  ashy  green,  1856-12;  1858*12.  Knott,  pale 
or  greenish  yellow,  ruddy  or  brownish  yellow,  1862-9.  Webb,  faint 
yellowish  green  and  ruddy,  1848-9 ;  yellow,  pale  blue,  1850*0  (not  a 
good  night) :  not  much  ditference  with  80,  with  144  at  first  glance 
B  bluish,  afterwards  tawny,  1850*01 :  nearly  the  same  with  80,  with 
144  and  250  pale  yellow,  brown  yellow,  a  splendid  night  and  very 
satisfactory  observation,  18r;5*86 :  the  foregoing  all  with  a  3*7  inch 
aperture.  With  5*5  inches,  pale  yellow,  tawny  or  fawn-coloured, 
certain,  1860*96 :  no  strong  contrast,  B  perhaps  on  the  whole 
bluish,  but  variable  and  undecided,  1862*89.  It  would  obviously  be 
but  a  precarious  conclusion,  to  infer  the  fact  of  change  from  evidence 
so  discordant :  the  more^'direct  result  is  a  lesson  of  self-distrust  and 
caution,  and  of  the  necessity  of  a  multitude  of  observers  and  obser- 
vations in  order  to  obtain  a  reliable  mean,  the  deviations  from  which 
will  probably  become  gradually  more  intelligible  from  careful  atten- 
tion and  comparison. 

We  have  already  referred  to  the  fact,  that  the  vein  of  double- 
star  colours  has  been  very  fairly  worked,  while  solitary  hues  have 
been  comparatively  neglected.  It  is  obvious,  however,  that  much 
still  remains  unsatisfactory  even  in  the  former  class,  while  the  latter 
is  as  a  whole  very  little  explored :  so  that  in  either  there  is  abundant 
room  for  labour ;  and  we  now  propose  to  ofier  a  few  words  as  to  the 
mode  of  directing  it  to  advantage ;  while  expressing  our  regret  thai 
we  have  so  little  carried  out  our  own  ideas  on  the  subject,  that  we 
ought  to  be  ashamed  of  obtruding  advice  upon  others. 

To  note  and  to  record,  in  leisure  hours,  the  hue  of  each  prominent 
star  that  is  either  looked  for,  or  passes  casually  through  our  telescopio 
field,  is  certainly  an  easy  and  a  pleasant  undertaking.  And  this,  in 
the  hand  of  a  suflScient  number  of  observers  to  eliminate  personal, 
instrumental,  and  atmospheric  equation,  is  all  that  we  have  been 
pleading  for.    But  some  precautions  are  requisite  to  make  its  results 
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of  yalae.  "We  have  already  specified  the  normal  state  of  the  eye : 
we  have  yet  to  guard  against  the  imperfections  of  the  telescope. 
The  achromatic,  as  is  well  known,  does  not  correspond  with  its 
name.  If  we  except  the  most  ingenious,  but  scarcely  practicable 
and  now  almost  forgotten  device  of  Blair,  or  the  equally  successful 
and  too  little  known  compensation  recently  introduced  by  Wray, 
such  a  thing  as  a  colourless  refractor  does  not  exist.  Every  object- 
glass  shows  a  fringe  of  uncorrected  and  incorrigible  colour  round  the 
focal  image  of  bright  objects  under  high  powers :  the  tint  differs  a 
little  in  the  work  of  different  makers,  but  is  usually  some  shade  of 
blue.  The  abstraction  of  this  misdirected  light  from  that  concen- 
trated in  the  image  must  of  course  give  to  the  latter  a  slight  tinge  of 
the  complementary  colour,  and  the  image  of  a  white  star  will  thus 
be  flushed  with  a  slight  orange  glow.  In  the  case  of  the  great 
Dorpat  telescope,  the  noblest  work  of  Frauenhofer,  Struve  I. 
remarks  that  the  higher  powers,  532  and  848,  poiade  a  yellowish 
tinge  visible.  The  reflector,  though  delightfully  free  from  all 
coloured  fringes,  is  not  more  perfect  than  the  achromatic  in  the 
tint  of  the  image,  the  blue  rays  thrown  out  by  the  object-glass  on 
the  one  hand  being  absorbed  by  the  silver  film  on  the  other ;  so  that 
the  result  is  much  the  same  :  and  in  each  case  a  mental  allowance 
may  either  be  made  for  a  little  deterioration  of  whiteness  at  the  time 
of  observation,  or  it  may  be  understood  that  the  colours  are  recorded 
just  as  they  appeared.  It  may  often  be  found  of  service  to  put  the 
object  considerably  out  of  focus  either  way,  as  the  hue  of  a  disc  may 
be  more  sensible  than  that  of  a  point ;  and  we  may  thus  in  some  cases 
escape  errors  due  to  the  imperfect  achromaticity  of  the  object-glass, 
which  will  not  be  equally  apparent  on  each  side  of  the  focus :  of 
which  I  have  had  experimental  certainty.  It  is  safest  to  estimate 
the  tint  in  the  centre  of  the  field,  as  the  Eamsden  ocular  is  never 
achromatic,  and  other  eye-pieces,  claiming  that  quaUty,  do  not 
always  possess  it.  A  state  of  atmosphere  in  which  the  sun  would 
have  a  ruddy  cast  ought  of  course  to  be  avoided,  and  colours  cannot 
be  depended  upon  in  our  climate,  and  under  ordinary  circumstances, 
within  some  distance  of  the  horizon,  as  they  are  interfered  with  by 
the  refractive  action  of  the  atmosphere.  "  In  addition,''  Smyth  tells 
us,  ^^to  the  colouring  and  absorbing  effect  of  the  atmosphere 
increasing  so  excessively,  low  down  on  the  horizon,  the  envelope 
acts  so  strongly  there  as  a  prism,  that,  combined  with  the  bad  defi- 
nition prevailing,  I  have  sometimes  seen  a  large  star,  of  a  really 
white  colour,  appear  like  a  blue  and  red  handkerchief  fluttering  in 
the  wind :  the  blue  and  red  about  as  intense  and  decided  as  they 
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could  well  be/'  Stnive  I.  found  these  prismatic  colours  visible  in  a 
dark  field  as  far  as  30°,  and  their  traces  even  to  45°  from  the 
horizon;  and  every  estimate  below  15°  worthless.  The  same 
authority  has  stated  that  the  tints  are  not  to  be  trusted  on  the  blue 
background  of  a  daylight  sky.  In  fact,  every  deception  arising  from 
contrast  ought  to  be  guarded  against;  and  this  source  of  error 
operates  in  more  than  one  way.  A  retina  which  has  recently  been 
exposed  to  artificial  light,  hardly  ever  of  a  pure  white,  will  require  to 
be  kept  in  the  dark  for  a  httle  time  in  order  to  pass  an  unbiassed 
judgment :  and  the  presence  of  a  large  and  strongly-coloured  star  in 
the  field  will  be  sure  to  tinge  its  feebler  neighbours  with  the  comple- 
mentary hue :  and  this  may  no  doubt  be  to  a  certain  extent  the 
reason  why  so  many  minute  companions  to  orange  or  yellow  stars 
have  been  entered  as  blue ;  but  it  is  certainly  not  the  sole  cause. 
''  We  all  know,''  says  Smyth,  '^  that  a  white  light  appears  greenish 
when  near  a  strong  red  one,  and  becomes  bluish  when  the  neigh- 
bouring colour  is  yellow.  In  combinations  of  this  nature  some  of 
the  secondaries  lose  their  colour  on  hiding  the  primary ;  but,  as 
many  of  the  examples  defy  this  test,  their  colours  are  too  decidedly 
indicated  to  be  merely  imaginary.  For  instance,  as  a  Leonis  is  of  a 
brilliant  white  tint,  the  deep  purple  of  its  comes  cannot  be  an  illu- 
sion; and  in  S  Serpenfis  both  the  bodies  are  blue."  I  do  not 
know  whether  the  peculiar  tendency  which  I  found  in  the  use  of  my 
3*7-in.  object-glass,  to  see  many  of  Smyth's  small  blue  comites 
of  a  tawny  hue — or  sometimes  changing  from  one  to  the  other, 
may  have  been  owing  to  their  being  enveloped  in  the  outstanding 
deep  blue  fringe  of  the  brighter  star,  and  having  their  real  tint 
thus  over-ruled  by  contrast :  but  the  circumstance  recurred  too 
frequently  to  be  overlooked. 

The  following  analysis  of  results,  given  by  Struve  I.,  is  interesting 
in  many  respects.  He  found  among  596  bright  double-stars,  375 
pairs  of  the  same  colour  and  intensity;  101  of  the  same  colour,  but 
different  intensity ;  120  of  totally  different  colours.  295  were  both 
white;  118  both  yellowish  or  reddish;  63  both  bluish:  and  the 
combination  of  a  blue  companion  with  a  more  vivid  primary  happens 
53  times  with  a  white  principal ;  52  with  a  light  yellow ;  52  with  a 
yellow  or  red;  16  with  a  green.  The  curious  fact  is  here  made 
evident,  that  when  the  brighter  star  is  not  white,  it  approaches  the 
less  refrangible  end  of  the  spectrum,  and  the  reverse  :  so  that  the 
very  remarkable  statement  of  Herschel  II.,  that  ^^  no  green  or  blue 
star  (of  any  decided  hue)  has,  we  believe,  ever  been  noticed  unas- 
sociated  with  a  companion  brighter  than  itself,"  is  shown  to  be,  if 
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not  literally,  yet  substantially  correct.  Smyth's  ''pale  sapphire'' 
for  Wega,  and  ''  pale  emerald "  for  fi  Libroe  (in  both  of  which  tints 
my  own  sight  corresponds,  adding,  with  my  present  reflector, 
€  Orionia  to  the  green  list)  have  nothing  like  the  intensity  of  colour 
which  marks  Aniares,  Aldeharan,  and  other  great  stars,  towards  the 
red  end  of  the  spectrum  :  it  is  reserved  for  the  smaller  stars  in  fi 
Oygni,  S  Cephei,  7  Andromedce,  32  Eridaniy  a  HercuUs,  p^  Oricmis, 
and  other  similar  objects,  to  show  how  decided  a  tint  may  be  found 
towards  the  other  extremity.  This,  though  as  yet  uninterpreted, 
must  be  a  significant  fact.  And  so  must  be  the  circumstance  that 
there  is  a  peculiar  class  of  ruby  stars — ^the  epithet  ''scarlet"  or 
"  blood-coloured  "  seems  to  the  writer  at  least,  rather  over-pressed — 
the  depth  of  whose  hue  has  nothing  corresponding  with  it  at  the  other 
end  of  the  spectrum.  Very  few  of  these  stars  unfortunately  reach 
the  limit  of  visibility  to  the  naked  eye :  the  so-called  "  Garnet  sidus  " 
of  Herschel  I.,  (ji  Cepliei)  would  be  very  improperly  ranked  with 
them,  as  its  colour,  though  rich  and  foil,  is,  at  present  at  least, 
merely  orange,  without  any  of  the  peculiar  carmine  tinge  which 
marks  these  curious  objects  as  a  distinct  class ;  and  the  same  may 
be  said  of  the  great  fiery-looking  Antares.  Many  of  these  beautiful 
rubies  have  been  pointed  out  by  Herschel  II.,  and  Schellerjup  has 
given  a  catalogue  (Astr.  Nachr.  1591)  of  280,  in  which,  however, 
several  occur  which,  according  to  Secchi  (Monthly  Notices,  xxviii.  7), 
are  merely  yellow,  and  which  does  not  include  some  genuine  red 
objects  discovered  by  Lassell,  Knott,  Birmingham,  and  others.  It 
is,  however,  the  best  list  extant;  and  has  been  reprinted  in  an 
abridged  form  in  Intellectual  Obsbbvsb,  LVI.  Many  of  these  red 
stars  have  been  prismatically  examined  by  Secchi,  with  the  singular 
result  that  their  spectra  differ  very  widely  in  character,  and  belong 
to  various  types.  They  are  usually  solitary ;  but  Herschel  II.  ob- 
served a  scarlet  pair  at  the  Cape ;  and  has  remarked  that  it  is  no 
uncommon  thing  to  find  a  very  red  and  much  brighter  star  in  a  con- 
spicuous  situation  in  groups  and  clusters.  Secchi  has  made  a  corre- 
sponding statement  with  regard  to  the  structure  of  certain  parts  of  the 
Galaxy.  It  is  a  singular  and  interesting  fact  that  the  central  portion 
of  the  .magnificent  globular  cluster  47  Toucani,  unfortunately  invisible 
in  our  latitudes,  is  of  a  ruddy  colour,  the  margin  being  white.  I  do 
not  know  whether  a  suspicion  that  I  have  entertained,  that  some 
regions  of  the  heavens  are  characterised  by  the  predominance  of 
some  especial  colour,  may  be  borne  out  by  further  examination ;  but 
it  may  be  at  any  rate  worthy  to  be  kept  in  view. 

One  of  our  most  accurate  observers  has  conmiunicated  to  me  his 
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impression^  that  some  nights  are  more  suitable  than  others  for  the 
minute  discrimination  of  colour.  It  is  certainly  very  probable.  I 
am  able  to  refer  to  an  observation  so  far  back  as  1832,  October  8, 
when  notwithstanding  an  unfavourable  white  haze,  the  colours  of 
Jupiter^s  satellites  were  ^^  unusually  contrasted  :^'  and  it  is  very  pos- 
sible that  careful  comparison  may  bring  out  the  reality  of  this,  as  of 
other  hitherto  little  noticed  facts. 

There  seems  no  reason  why  any  amateur  should  be  discouraged 
by  the  smallness  of  his  telescope^  so  long  as  he  will  content  himself 
with  such  objects  as  have  light  enough  for  its  grasp.  In  gradually 
increasing  the  size  of  my  own  working  tools  from  3' 7  to  5-5  inches 
(achromatic)  and  at  present  to  9  inches  (silvered  glass),  I  cannot 
say  that  I  have  found  a  corresponding  advantage  in  the  perception 
of  colour.  Unfortunately  for  the  present  purpose,  I  have  not  now 
my  former  instruments  for  a  comparison  :  but  my  impression  is  that 
I  used  to  see  contrasted  tints,  in  the  case  of  the  brighter  stars,  even 
more  strikingly  with  the  smaller  aperture.  And  this  idea  is  in 
accordance  with  the  opinions  of  Huggins  and  Slack  and  the  experi- 
ments of  Browning:  the  remark  of  the  latter  is  worthy  of  great 
attention  :  "  Were  due  allowance  made  for  this  disturbing  influence 
of  variation  of  aperture,  I  think  many  discrepancies  between  the 
colours  attributed  to  double  stars  by  different  observers  might  pro- 
bably be  reconciled.'' 

It  seems  accordant  with  analogy  that,  as  a  certain  proportion  of 
power  to  light  is  found  to  ensure  the  best  vision  of  minute  details, 
so  a  certain  quantity  of  light  may  be  more  suitable  than  any  greater 
or  less  amount  for  the  fullest  reception,  on  the  part  of  the  retina,  of 
its  characteristic  colour.  As,  beneath  a  certain  degree  of  brilliancy, 
colours,  at  least  to  ordinary  eyes,  become  feeble  and  undecided,  so 
above  it  they  may  probably  be  diminished  by  the  glare  and  excite- 
ment of  too  great  intensity.  Many  of  the  phenomena  of  vision  are 
subjective,  depending  upon  the  capacity  of  the  eye,  and  the  con- 
ditions under  which  the  optic  nerve  is  most  sensitive  to  the  exciting 
influence ;  and  it  is  very  conceivable  that  the  retina,  disturbed  by 
the  vehement  stimulus  of  a  glaring  light,  may  respond  less  faith- 
fully to  the  gentler  vibrations  that  produce  the  sense  of  colour.  As 
yet  Kttle  is  known  about  this  point ;  and  it  would  be  especially  com- 
plicated with  "  personal  equation'' ;  but  experiments  with  many  dif- 
ferent apertures  deserve  a  trial,  which,  from  want  of  leisure,  and 
other  circumstances,  I  am  not  likely  to  undertake ;  and  which,  in 
any  case,  ought  not  to  depend  on  any  single  observer.  I  may  men- 
tion, however,  that  on  one  occasion,  in  viewing  7  Andromedca  with  a 
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diagonal  prism  reflecting  only  from  its  anterior  surface,  and  intended 
to  adapt  my  9-incli  mirror  for  solar  observation,  I  noticed  that  the 
colour  of  the  large  star  was  deepened  from  yellow  to  orange,  the 
smaller  being  rather  too  dim  for  comparison,  owing  to  the  very 
great  defalcation  of  light. 

In  order  to  assist  observers  in  registering  colours  on  an  uniform 
scale.  Admiral  Smyth,  in  his  "Sidereal  Chromatics,^'  printed  in 
1 864  for  private  circulation,  prepared  a  diagram  containing  24  tinted 
discs,  each  representing  in  regular  gradation  some  shade  of  six 
chosen  colours,  red,  orange,  yellow,  green,  blue,  purple :  with  the 
intention  that  the  observer  should  describe  the  colours  of  stars  by 
matching  them  with  these,  specimen-tints.  Some  difference  of 
opinion  may  be  permitted  as  to  readiness  of  comparison  between  a 
glittering  and  flashing  point,  and  a  wafer-like  circle  of  dead  and 
opaque  colour ;  but,  in  all  probability,  a  little  practice  would  render 
the  observer  independent  of  actual  comparison.  The  essential 
advantage  of  the  plan  may  be  secured  if  we  remember  to  designate 
the  deepest  conceivable  star-tint  by  the  numeral  1  attached  to  its 
name ;  a  full  and  striking,  but  not  singularly  deep  tint  of  the  same 
colour,  by  2  ;  an  ordinary  shade  by  3  ;  and  a  pale  tinge  by  4.  Thus 
7  AndromedoB  in  the  Admiral's  own  notation  is  expressed  thus,  A 
oraBge,2  B  bluish  green^ : — e  Bootis,  A  orange^,  B  green*:  a  Her- 
calls,  A  yellow^,  B  blue*.  He  has  designated  in  like  manner  "  the 
very  numerous  shades  from  white  to  palo  yellow,''  as  creamy  white 
1,  silvery  white  2,  pearl  white  3,  pale  white  4  :  but  these  can  hardly 
be  required  by  the  student.  Practice  will  render  such  a  mode  of 
registration  easy  and  pleasant,  and  thougn  of  course  open  to  con- 
siderable uncertainty,  it  will  be  more  satisfactory  than  any  more 
vague  and  indeterminate  kind  of  description.  Other  names  of 
colours  may  be  suitably  introduced,  such  as  rosy,  copper-coloured,  hlac 
(expressing  a  tint  of  common  occurrence,  between  red  and  neutral 
purple),  but  the  essentials  of  the  system  will  be  maintained  by  the 
adoption  of  numerals  to  express  the  intensity  of  the  observed  hue. 

[Mr.  Webb*8  remarks  about  refractors  and  reflectors,  p.  487,  seem  to  want  slight 
correotioDj  as  the  colours  of  Jupiter  last  year  were  not  seen  in  manj  refractors,  and  in 
none  so  well  as  in  Browning's  admirable  reflectors  with  the  With  mirrors.  The  yellow 
tints  may  have  looked  brighter  from  some  absorption  of  blae,  but  the  remarkable  blue 
of  Saturn,  ac  shown  in  Mr.  Browning's  drawing,  was  beautifully  shown  by  the  same 
instrument. — Ed.] 
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THE  OWL-PARROT,  OR  KAKAPO. 
{Strigops  HabroptUus,) 

(WUh  a  Coloured  Plate.) 
BY   T.   W.   WOOD,    F.Z.S. 

A  SPECIMEN  of  this  very  interesting  bird  was  deposited,  a  short  time 
ago,  in  the  collection  of  the  Zoological  Society  of  London.  It  is 
the  first  of  its  species  that  has  ever  reached  England  alive,  although 
others  have  been  forwarded  with  that  intention :  notably  one  by  Sir 
George  Grey,  when  Governor  of  New  Zealand,  which  unfortunately 
died  during  the  voyage.  The  individual  now  under  notice  has  been 
removed  by  its  owner  to  his  own  residence,  and,  although  members 
of  the  Society  may  regret  its  absence  from  the  menagerie,  the 
ordinary  visitors  lose  nothing  by  its  removal,  as  the  bird,  persisting 
in  his  nocturnal  habits,  was  always  hidden  in  its  box  in  a  dark 
comer  during  the  hours  of  daylight. 

The  point  of  greatest  interest  in  this  species  is  its  having  owl- 
like characteristics  in  combination  with  those  of  an  ordinary  parrot, 
and  although  the  latter  predominate,  the  former  are  quite  apparent. 
The  plumage  is  remarkable  in  this  respect,  having  the  rich  green 
which  predominates  in  the  parrot  family,  combined  with  blackish 
brown  mottlings  and  transverse  bars,  with  dashes  of  pale  yellowish 
buflf  peculiar  to  almost  all  owls.  I  could  not  help  being  struck  by 
the  circumstance  which,  no  doubt  is  observable  when  the  bird  is  in 
its  native  haunts,  that  these  colours  are  absolutely  the  same  as  those 
which  immediately  surround  the  bird ;  the  green  colour  being  that 
of  the  grass,  the  yellow  dashes  the  same  as  the  oats  and  other  grain 
on  which  the  bird  feeds,  and  the  blackish  brown  bars  imitating  the 
soft  mould,  which,  with  grass,  Mr.  Misselbrook,  the  head  keeper, 
with  his  usual  good  judgment,  had  caused  to  be  placed  for  his 
charge  to  run  upon;  this  he  did  with  great  glee,  and  most  fre- 
quently and  continuously  in  the  attitude  I  have  attempted  to  portray 
in  the  figure  in  the  background  of  the  coloured  plate,  the  neck 
being  so  twisted  that  the  position  of  the  head  is  inverted,  the  point 
of  the  bill  pointing  upwards,  and  the  top  of  the  head  being  towards 
the  ground.  In  this  grotesque  attitude,  and  evidently  for  the  fun  of 
the  thing,  the  bird  will  run  briskly  round  and  round  for  five  or  ten 
minutes,  to  the  great  discomfiture  of  his  portrait-painter,  whose 
desire  was  to  represent  him  in  an  attitude  worthy  of  the  dignity 
of  so  distinguished  a  member  of  his  tribe.  Several  other  species 
of  parrot,  and  most  of  the  cockatoos,  are  fond  of  twisting  their 
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necks^  apparently  to  the  utmost  extent  of  twistability  of  that 
organ^  and  the  cockatoos^  especially  from  the  strong  sense  of 
humour  which  they  constantly  display,  are  not  unworthy  to  be  con- 
sidered as  the  clowns  amongst  birds.  This  humorous  disposition 
does  not  seem  to  be  discoverable  in  any  of  '*  our  feathered  friends '* 
but  those  of  the  parrot  tribe,  and  perhaps  this  fact  will  be  admitted 
as  proof  that  these  birds  are  more  intelligent  than  those  of  any  other 
family. 

''With  regard  to  the  particular  bird  in  my  possession,''  says 
Mr.  G.  S.  Sale,  ''  I  observe  that  it  rarely  makes  any  noise  by  day. 
But  about  dusk  it  usually  begins  to  screech,  its  object  being  appa- 
rently to  attract  attention,  for,  if  let  loose  froHi  its  cage  and  allowed 
to  have  its  usual  play,  it  ceases  to  make  any  noise.  It  also  makes  a 
grunting  noise  when  eating,  especially  if  pleased,  and  I  have  myself 
attracted  it  to  me  by  imitating  the  same  sound.  It  also  screeches 
sometimes  when  handled,  not  apparently  fjpom  anger,  but  more 
from  timidity.''  In  a  note  Mr.  Sale  adds  :  "  The  sound  of  the  bird 
is  not  a  shrill  scream,  but  a  muffled  screech,  more  like  a  mingled 
grunt  and  screech." 

As  Mr. 'Sale  had  this  bird  in  his  possession  for  several  months 
before  depositing  it  at  the  Zoological  Gardens,  and  during  that 
time  carefully  watched  its  habits,  the  following  additional  remarks 
of  his  in  a  letter  to  "  The  Field"  newspaper  will  be  worth  quot- 
ing :  ''  Sir  G.  Grey  exactly  hit  the  chief  characteristics  of  the 
kakapo,  when  he  spoke  of  its  affectionate  and  playful  disposition. 
During  the  whole  time  that  this  bird  has  been  in  my  possessioD,  it 
has  never  shown  the  slightest  sign  of  ill-temper,  but  has  invariably 
been  good-humoured  and  eager  to  receive  any  attention.  Its  play- 
fulness is  remarkable.  It  will  run  from  a  corner  of  the  room,  seize 
my  Hand  with  claws  and  beak,  and  tumble  over  and  over  with  it 
exactly  like  a  kitten,  and  then  rush  back  to  be  invited  to  a  fresh 
attack.  Its  play  becomes  sometimes  a  little  severe;  but  the 
slightest  check  makes  it  more  gentle.  It  has  also,  apparently, 
a  strong  sense  of  humour.  I  have  sometimes  amused  myself  by 
placing  a  dog  or  cat  close  to  its  cage,  and  it  has  danced  backwards 
and  forwards  with  out-stretched  wings,  evidently  with  the  intention 
of  shamming  anger,  and  has  testified  its  glee  at  the  success  of  the 
manoeuvre  by  the  most  absurd  and  grotesque  attitudes.  One  trick 
especially  it  has,  which  it  almost  invariably  uses  when  pleased,  and 
that  is  to  march  about  with  its  head  twisted  round,  and  its  beak  in 
the  air — ^wishing,  I  suppose,  to  see  how  thmgs  look  wrong  way  up, 
or  perhaps  it  wishes  to  fancy  itself  in  New  Zealand  again. 
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'^  The  highest  compliment  it  can  pay  yon  is  to  nestle  down  on 
your  hand^  ruffle  out  its  feathers^  and  lower  its  wings,  flapping  them 
alternately,  and  shaking  its  head  from  side  to  side ;  when  it  does 
this  it  is  in  a  superlative  state  of  enjoyment.  I  do  not  think  it  is 
quite  correct  to  say  that  it  has  dirty  habits ;  certainly  it  is  not  worse 
in  this  respect  than  an  ordinary  parrot. 

^^I  am  surprised  to  find  that  during  the  time  it  was  in  the 
Zoological  Gardens,  it  very  rarely  showed  itself  in  the  daytime. 
My  experience  has  been  the  reverse  of  this.  It  has  generally  been 
lively  enough  during  the  greater  part  of  the  day,  though  not  quite 
so  violent  and  noisy  as  at  night.  I  had  this  bird  at  Saltbum,  in 
Yorkshire,  during  the  summer,  and  any  of  your  readers  who  were 
at  that  place  in  the  month  of  August,  will  remember  seeing  this  bird 
at  the  bazaar  held  in  aid  of  the  district  church,  on  which  occasion  its 
playfulness  never  flagged  during  the  whole  day.  This  may  partly 
have  been  due  to  excitement  at  seeing  so  many  strange  faces ;  but 
it  also  no  doubt  felt  the  excellence  of  the  cause  (recollect.  Sir  G.  Grey 
testifies  to  its  cleverness  and  intelligence),  and  exerted  itself  accord* 
ingly  to  help  the  Church  Building  Fund."  Mr.  Sale  remarks  in  con- 
clasion,  that  the  bird  was  forwarded  to  him  by  his  friend,  Mr.  Abbot, 
Registrar  of  the  Supreme  Court  at  Hokitika,  and  was  purchased  by 
him  from  the  West  Coast  natives. 

The  Kakapo  appears  to  have  been  first  known  to  European 
explorers  by  its  green  feathers,  which  were  worn  by  the  natives  of 
New  Zealand,  who  formerly  set  great  store  by  these  birds,  cutting 
off"  their  heads,  which  were  strung  by  the  nostrils,  and  worn  in  the 
ears  on  feast  days.  The  bird  itself  long  remained  nnknown  to 
Europeans ;  its  practice  of  hiding  by  day  in  holes  in  the  ground, 
and  its  wonderfully  disguised  plumage,  will  sufficiently  account  for 
this,  and  it  was  not  till  the  year  1845  that  the  first  skin  reached 
Europe.  It  is  said  to  be  exclusively  a  vegetable  feeder,  and  to 
have  a  voracious  appetite ;  and  those  who  have  tasted  its  flesh  say 
that  it  is  tender  and  of  exquisite  flavour,  the  large  quantities  of  fat 
under  the  skin  being  firm  and  white.  The  Kakapo  is  often  kept  in 
captivity  in  its  native  land. 

This  remarkable  bird  certainly  possesses  the  facial  disc  so  charac- 
teristic of  the  owl  tribe,  although  not  in  so  marked  a  degree.  The 
feathers  of  the  face  are  somewhat  difierent  in  colour  and  appearance 
from  those  on  other  parts  of  the  body,  being  rather  elongated  and 
hairy,  especially  those  close  to  the  beak,  their  colour  being  a  light 
yellowish-brown,  which  becomes  darker  on  the  ear-coverts.  There 
is  a  pale  yellowish  stripe  over  each  eye,  and  this  joins  an  indistinct 
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band  of  the  same  coloxir  which  -edges  the  disc.  The  eyes  do  not 
appear  to  be  larger  in  proportion  than  in  other  parrots,  and  this  is 
contrary  to  what  might  have  been  expected,  considering  the  other 
owl-like  characteristics.  These  organs  appear  to  be  black  in  colour, 
bnt  it  is  probable  that,  as  nsual  in  such  cases,  the  irides  are  of  a 
very  dark  brown. 

I  will  here  venture  to  express  my  opinion  that  naturalists-  are  too 
apt  to  overlook  some  of  the  external  features  of  the  objects  of  their 
study,  such  as  the  markings  and  texture  of  the  feathers  of  the  birds, 
or  the  general  colouring.  To  take  these  characters  alone  in  the  Owl- 
parrot,  they  will  be  found  to  indicate  its  position  in  the  great  scheme 
of  nature  as  being  intermediate  between  the  owl  and  parrot  tribes. 
Taking  all  the  characters  together,  however,  they  will  be  found  to 
express  a  decided  leaning  towards  the  parrots.  I  cannot,  therefore, 
but  consider  this  bird  as  a  true  hnk  uniting  the  owls  to  the  parrots, 
although  it  is  not  an  exactly  intermediate  one.  One  objection  which 
may  be  urged  against  this  opinion  I  will  endeavour  to  combat — 
namely,  that  the  parrots  have  zygodactyle  toes,  whereas  the  owls 
have  not.  To  this  I  would  answer  that  the  foot  of  an  owl,  when  the 
bird  is  perched,  considerably  resembles  that  of  a  parrot,  as  the  outer 
toe  is  then  placed  behind  with  the  hind  one,  so  that  this  bird's  feet 
may  be  said  to  be  temporarily  zygodactyle,  whereas  those  of  the 
parrot  are  permanently  so. 

Sir  George  Grey  has  given  the  following  interesting  account  of 
this  bird,  as  observed  by  him  in  its  native  country : — 

"  The  Strigops  is  called  Kakapo,  or  Night  Kaka,  by  the  aborigines 
of  New  Zealand,  from  the  nocturnal  habits  of  the  bird.  During  the 
day  it  remains  hid  in  holes  under  the  roots  of  trees  or  rocks,  or  very 
rarely  perched  on  the  boughs  of  trees  with  a  very  dense  thick 
foliage.  At  these  times  it  appears  stupid  from  its  profound  sleep, 
and  if  disturbed  or  taken  from  its  hole,  immediately  runs  and  tries 
to  hide  itself  again,  delighting,  if  practicable,  to  cover  itself  in  a 
heap  of  soft  dry  grass ;  about  sunset  it  becomes  lively,  animated, 
and  playful,  issues  forth  from  its  retreat,  and  feeds  on  grass,  weeds, 
vegetables,  fruits,  seeds,  and  roots.  When  eating  grass  it  grazes 
rather  than  feeds,  nibbling  the  grass  in  the  manner  of  a  rabbit  or 
wombat.  It  sometimes  climbs  trees,  but  generally  remains  upon  the 
ground,  and  only  uses  its  short  wings  for  the  purpose  of  aiding  its 
progress  when  running,  balancing  itself  when  on  a  tree,  or  in  making 
a  short  descent,  half  jump,  half  flight  from  an  upper  to  a  lower 
bough.  When  feeding,  if  pleased  with  its  food,  it  makes  a  continued 
grunting  noise ;  it  is  a  greedy  bird  and  choice  in  its  food,  showing 


496  THE  OWL-PASSOT,  OB  KAKAPO. 

an  evident  relish  for  anything  of  which  it  is  fond.  It  criea  repeatedly 
daring  the  nighty  with  a  noise  not  very  nnlike  that  of  the  kaka  (the 
nestor)^  but  not  so  loud. 

''  The  Kakapo  is  a  very  clever  and  intelligent  bird,  in  fact,  singu- 
larly so ;  contracts  a  strong  affection  for  those  who  are  kind  to  it. 
Shows  its  attachment  by  climbing  about  and  rubbing  itself  against 
its  friend,  and  is  eminently  a  social  and  playfnl  bird ;  indeed,  were  it 
not  for  its  dirty  habits,  it  makes  a  far  better  pet  than  any  other  bird 
with  which  I  am  acquainted,  for  its  manner  of  showing  its  attach- 
ment by  playfulness  and  fondling  is  more  like  that  of  a  dog  than  a 
bird. 

*'  It  builds  in  holes  under  trees  and  rocks,  and  lays  two  or  three 
white  eggs  about  the  size  of  a  pullet's,  in  the  month  of  February, 
and  the  young  birds  are  found  in  March. 

^^  At  present  (1854)  the  bird  is  known  to  exist  only  in  the  Middle 
Island  of  New  Zealand,  and  the  west  coast  between  Chalky  Harbour 
and  Jackson's  Bay,  and  in  the  Northern  Island  about  the  sources  of 
the  Whangarie,  and  in  part  of  the  Taufa  countries. 

"  It  was  within  the  recollection  of  the  old  people  abundant  in  every 
part  of  New  Zealand,  and  they  say  it  has  been  exterminated  by  the 
cats  introduced  by  the  Emropeans,  which  are  now  found  wild  and  in 
great  numbers  in  every  part  of  the  country.  They  say  also  that  the 
large  rat  introduced  from  Europe  has  done  its  part  in  the  work  of 
destruction. 

"  The  natives  assert  that  when  the  breeding  season  is  over  the 
Kakapo  lives  in  societies  of  five  or  six  in  the  same  hole,  and  they  say 
it  is  a  provident  bird,  and  lays  up  in  the  fine  season  a  store  of  fern 
root  for  the  bad  weather.  I  have  had  five  or  six  of  the  birds  in 
captivity,  but  never  succeeded  in  keeping  them  aUve  for  more 
than  eighteen  months  or  two  years.  The  last  I  had  I  sent 
home  as  a  present  to  the  Zoological  Society,  but  it  died  off  Cape 
Horn.'' 

I  will  also  quote  the  following  valuable  particulars  of  the  Kakapo 
in  its  wild  state,  which  were  communicated  to  the  Zoological  Society 
by  Mr.  David  Lyall,  who  wrote  as  follows  : — 

'^  Although  the  Kakapo  is  said  to  be  still  found  occasionally  on 
some  parts  of  the  high  mountains  in  the  interior  of  the  North  Island 
of  New  Zealand,  the  only  place  where  we  met  with  it,  during  our 
circumnavigation  and  exploration  of  the  coast  of  the  islands  in 
H.M.S.  ^Acheron,'  was  at  the  south-west  end  of  the  island.  There, 
in  the  deep  sounds  which  intersect  that  part  of  the  island,  it  is  still 
found  in  considerable  numbers,  inhabiting  the  dry  spurs  of  hills  or 
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flats  near  the  banks  of  rivers,  where  the  trees  are  high,  and  the 
forest  comparatively  free  from  fern  or  underwood. 

''  The  first  place  where  it  was  obtained  was  on  a  hill  nearly  four 
thousand  feet  above  the  level  of  the  sea.  It  was  also  found  living 
in  communities  on  flats  near  the  mouths  of  rivers  close  to  the  sea. 
In  these  places  its  tracks  were  to  be  seen  resembling  footpaths  made 
by  man,  and  leading  us  at  first  to  imagine  that  there  must  be  natives 
in  the  neighbourhood.  The  tracks  are  about  a  foot  wide,  regularly 
pressed  down  to  the  edges,  which  are  two  or  three  inches  deep 
amongst  the  moss,  and  cross  each  other  usually  at  right-angles. 

'^  The  Kakapo  lives  in  holes  under  the  roots  of  trees,  and  is  also 
occasionally  found  under  shelving  rocks.  The  roots  of  many  New 
Zealand  trees  growing  partly  above  ground,  holes  are  common  under 
them ;  but  where  the  Kakapo  is  found  many  of  the  holes  appeared 
to  have  been  enlarged,  although  no  earth  was  ever  found  thrown 
out  near  them.  There  were  frequently  two  openings  to  these  holes, 
and  occasionally,  though  rarely,  the  trees  over  them  were  hollow  for 
some  distance  up. 

''  The  only  occasion  on  which  the  Elakapo  was  seen  to  fly  was, 
when  it  got  up  one  of  these  hollow  trees  and  was  driven  to  an  exit 
higher  up.  The  flight  was  very  short,  the  wing  scarcely  being 
moved;  and  the  bird  alighted  on  a  tree  at  a  lower  level  than  the 
place  from  whence  it  had  come,  but  soon  got  higher  up  by  cHmbing, 
using  its  tail  to  assist  it. 

'^  Except  when  driven  from  its  holes,  the  Kakapo  is  never  seen 
during  the  day,  and  it  was  only  by  the  assistance  of  dogs  that  we 
were  enabled  to  find  it. 

''  Before  dogs  became  common,  and  when  the  bird  was  plentiful 
in  inhabited  parts  of  the  island,  the  natives  were  in  the  habit  of 
catching  it  at  night,  using  torches  to  confuse  it.  It  offers  a  formid- 
able resistance  to  a  dog,  and  sometimes  inflicts  severe  wounds  with 
its  powerful  claws  and  beak.  At  a  very  recent  period  it  was  common 
all  over  the  west  coast  of  the  Middle  Island,  but  there  is  now  a  race 
of  wild  dogs  said  to  have  overrun  all  the  northern  part  of  this  shore, 
and  to  have  almost  extirpated  the  Elakapos  wherever  they  have 
reached.  Their  range  is  said  to  be  at  present  confined  by  a  river  or 
some  such  physical  obstruction,  and  it  is  to  be  feared  that  if  they 
once  succeed  in  gaining  the  stronghold  of  the  Kakapo  (the  south- 
west end  of  the  island)  the  bird  may  soon  become  extinct. 

"  During  the  latter  half  of  February  and  the  first  half  of  March, 
whilst  we  were  amongst  the  haunts  of  these  birds,  we  found  young 
ones  in  many  of  the  holes,  frequently  only  one^  never  more  than  two 

VOL.   I. — N.S. — NO.    V.  X  K 


498  THE   OWL-PABBOT,   OB  EAEAFO. 

in  the  Bame  hole.  In  one  case  where  there  were  two  young  ones,  I 
found  also  an  addled  egg.  There  was  usually,  but  not  always,  an 
old  bird  in  the  same  hole  with  the  young  ones. 

"  They  build  no  nest,  but  simply  scrape  a  slight  hollow  amongst 
the  dry  dust  formed  of  decayed  wood.  The  young  were  of  different 
ages,  some  being  nearly  fully  fledged,  and  others  covered  only  with 
down.     The  egg  is  white,  and  about  the  size  of  a  pigeon's. 

'^  The  cry  of  the  Kakapo  is  a  hoarse  croak,  varied  occasionally  by 
a  discordant  shriek  when  irritated  or  hungry.  The  Maories  say  that 
during  winter  they  assemble  together  in  large  numbers  in  caves, 
and  at  the  times  of  meeting,  and,  again  before  dispersing  to  their 
summer  haunts,  that  the  noise  they  make  is  perfectly  deafening. 

''A  good  many  young  ones  were  brought  on  board  the  ship 
alive.  Most  of  them  died  a  few  days  afterwards,  probably  from 
want  of  suflScient  care ;  some  died  after  being  kept  a  month  or  two, 
and  the  legs  of  others  became  deformed  after  they  had  been  a  few 
weeks  in  captivity.  The  cause  of  deformity  was  supposed  to  be  the 
want  of  proper  food  and  too  close  confinement.  They  were  fed 
chiefly  on  soaked  bread,  oatiiieal  and  water,  and  boiled  potatoes. 
When  let  loose  in  a  garden  they  would  eat  lettuces,  cabbages,  and 
grass,  and  would  taste  almost  every  green  leaf  that  they  came  across. 
One,  which  I  brought  within  six  hundred  miles  of  England  (when  it 
was  accidentally  killed),  whilst  at  Sydney,  ate  eagerly  of  the  leaves 
of  a  Banksia  and  several  species  of  Eucalyptus,  as  well  as  grass, 
appearing  to  prefer  them  all  to  its  usual  diet  of  bread  and  water. 
It  was  also  very  fond  of  nuts  and  almonds,  and  daring  the  latter 
part  of  the  homeward  voyage  lived  almost  entirely  on  Brazilian 
ground-nuts. 

'^  On  several  occasions  the  bird  took  sullen  fits,  during  which  it 
would  eat  nothing  for  two  or  three  days  at  a  time,  screaming  and 
defending  itself  with  its  beak  when  any  one  attempted  to  touch  it. 
It  was  at  all  times  of  an  uncertain  temper,  sometimes  biting  severely 
when  such  a  thing  was  least  expected.  It  appeared  to  be  always  in 
the  best  humour  when  first  taken  out  of  its  box  in  the  morning, 
hooking  on  eagerly  with  its  upper  mandible  to  the  finger  held  down 
to  Hft  it  out.  As  soon  as  it  was  placed  on  the  deck  it  would  attack 
the  first  object  which  attracted  its  attention — sometimes  the  leg  of 
my  trousers,  sometimes  a  slipper  or  a  boot.  Of  the  latter  it  was 
particularly  fond ;  it  would  nestle  down  upon  it,  flapping  its  wings, 
and  showing  every  symptom  of  pleasure.  It  would  then  get  up,  rub 
against  it  with  its  sides,  and  roll  upon  it  on  its  back,  striking  out 
with  its  feet  whilst  in  this  position. 
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''  One  of  these  birds  sent  on  shore  by  Captain  Stokes  to  the  care 
of  Major  Murray  of  the  65th  Regiment  at  Wellington^  was  allowed 
to  run  aboat  his  garden^  where  it  was  fond  of  the  society  of  the 
children^  following  them  like  a  dog  wherever  they  went. 

'^  Nearly  all  the  adult  Kakapos  which  I  skinned  were  exceedingly 
fat,  having  a  thick  layer  of  oily  fat  or  blubber  on  the  breast,  which 
it  was  very  difficult  to  separate  from  the  skin.  Their  stomachs  con- 
tained a  pale  green,  sometimes  almost  white,  homogeneous  mass 
without  any  trace  of  fibre  in  it. 

''  There  can  be  little  doubt  but  that  their  food  consists  partly  of 
roots  (their  beaks  are  usually  more  or  less  covered  with  indurated 
mud),  and  partly  of  the  leaves  and  tender  shoots  of  various  plants. 
At  one  place  where  the  birds  were  numerous  we  observed  that  the 
young  shoots  of  a  leguminous  shrub  growing  by  the  banks  of  a  river 
were  all  nipped  off,  and  this  was  said  by  our  pilot,  who  had  fre- 
quented these  places  for  many  years  in  a  whaUng-vessel,  to  be  the 
work  of  the  Kakapo.^^ 

In  size  the  Owl-parrot  is  rather  smaller  than  a  raven,  the  total 
length  being  2  ft.  4  in. ;  the  tail  measures  9  in.  The  statement  that 
this  bird  is  a  vegetarian  has  been  confirmed  by  an  experiment  made 
by  Mr.  A.  D.  Bartlett,  the  superintendent  of  the  Zoological  Grardens, 
who  has  informed  me  that  the  E^akapo  would  not  eat  the  meat  which 
he  offered,  and  that  it  would  not  catch  a  mouse. 
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In  the  previous  articles  on  poisons,  the  methods  of  detecting  each 
of  them  has  been  treated  of  at  length,  and  the  most  important 
chemical  reactions  by  which  they  make  their  presence  known  have 
been  given.  The  toxicologist,  however,  rarely  meets  with  poisons 
uncombined  with  other  substances,  and  his  investigations  are  often 
greatly  complicated  by  the  presence  of  substances  with  which  the 
poison  he  is  searching  for  is  accidentally  mixed.  The  contents  of 
the  stomach  of  a  person  who  has  died  from  the  effects  of  poison,  are 
frequently  submitted  to  him  for  examination^  or  he  may  have  to[search 
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in  other  organs  of  the  body,  such  as  the  Kver,  or  in  the  secretions, 
or  excretions,  for  the  poison  which  is  supposed  to  have  caused  death. 
In  these  cases  the  presence  of  organic  matter  renders  its  detection 
much  more  difficult  than  when  it  occurs  alone,  or  simply  dissolved 
in  water ;  for  organic  matter,  as  has  been  shown,  unites  with  certain 
metallic  salts,  forming  compounds,  which  must  be  decomposed  before 
the  metal  can  be  recognized.     Mercury  and  lead  salts,  it  will  be 
remembered,  have  a  peculiar  property  of  forming  albuminates,  and 
these  albu    inates  must  be  destroyed  before  lead  or  mercury  can 
be    detected;    that  is,  supposing  that  not  more  than  enough  of 
these   salts  to  combine  with  the  albumen,  be  present.     When  a 
person  vomits,  what  is  brought  from  the  stomach  is  usually  thick 
and  viscid,  containing  generally  partially  digested  food.     Now,  if  a 
poison,  say  for  example  arsenic,  be  mixed  with  this,  it  would  be 
impossible  to  employ  any  reagent  for  its  precipitation,  for  if  thrown 
down  in  the  solid  form,  as  it  would  be  if  thrown  down  at  all,  it 
would  be  so  mixed  up  with  the  other  substances  present,  that  it 
would  be  impossible  to   separate  it  from  them.      Viscid   organic 
matters  frequently  prevent  precipitation,  and  albuminates  are  not 
decomposed  by  sulphuretted  hydrogen,  the  reagent  usually  employed 
for  separating  metals,  as  sulphides,  from  their  soluble  salts.     If  the 
blood  of  a  poisoned  animal  contain  some  of  the  poison,  it  must  be 
in  the  form  of  some  compound  of  a  constituent  of  the  blood,  or  so 
intimately  mixed  with  it  that  the  ordinary  chemical  tests  fail  to  detect 
it.     From  what  has  been  said,  it  will  be  manifest  that  some  process 
must  be  adopted  for  the  breaking  up  of  metallo-organic  compounds, 
and  for  the  destruction,  wholly  or  in  part,  of  the  organic  matter, 
before  the  metals  can  be  got  to  behave  in  their  usual  manner  towards 
chemical  reagents.     Several  processes  are  adopted  for  this  purpose; 
burning  or  incineration   is    recommended  by  many    as    the   best 
method,  but  it  must  be  remembered   that  some  of  the  metallic 
poisons  and  their  salts  are  volatile  at  high  temperatures,  and  there- 
fore would  by  this  operation  be  lost.     Suppose  an  organic  compound 
containing  arsenious  acid  were  heated  to  a  temperature  sufficiently 
high  to  destroy  in  great  part  the  organic  matter,  where  should  we 
expect  to  find  the  arsenic  ?  certainly  not  in  the  charred  residue,  for 
it  has  been  shown  that,  when  arsenious  acid  is  heated  with  carbon 
— and  all  organic  matter  contains  carbon — the  acid  is  reduced  to 
the  metal,  and  that  the  metal  escapes  in  the  form  of  vapour,  and 
even  if  it  be  not  all  reduced,  that  which  remains  as  arsenious  acid 
would    be  volatilized.      If  this   experiment  were  performed  in  a 
closed  vessel  the  arsenic  might  be  sublimed  and  collected,  but 
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generally  the  bnlk  of  matter  with  which  the  toxicologist  has  to  deal 
is  so  large  in  proportion  to  the  quantity  of  arsenions  acid  present,  that 
the  operation  would  be  exceedingly  difficult,  and  the  results  attained 
highly  unsatisfactory.  Although  the  process  of  incineration  is  some- 
times useful,  it  is  by  no  means  of  universal  application.  Several 
methods  are  adopted  for  the  destruction  of  organic  matter  in  the 
detection  of  poisons,  but  that  which  appears  to  be  the  best,  is,  if  the 
symptoms  of  poisoning  lead  to  the  supposition  that  the  poison  taken 
is  metallic,  to  treat  the  matters  to  be  examined  with  a  solution  of 
sodic  hydrate  (caustic  soda),  and  warm  them  gently  for  some  time, 
the  liquid  being  distinctly  alkaline,  the  mass  will  turn  brown,  and 
the  organic  compounds  will  be  so  far  decomposed,  after  the  liquid 
has  been  evaporated  nearly  to  dryness,  that  on  dissolving  up  with 
water,  and  acidulating  with  hydric  chloride  (hydro  chloric  acid), 
a  clear  and  almost  colourless  liquid  will  pass  through  a  filter  paper, 
and  this  liquid  will  contain  perhaps  all,  or  the  greater  part,  of  the 
poison  in  solution,  if  it  be  arsenic,  antimony,  lead,  or  zinc.  The 
solid  matter  remaining  on  the  filter  paper  should  be  retained  for 
further  treatment  if  necessary.  In  this  operation  those  metals 
which  are  volatile  at  high  temperatures  cannot  escape.  Oxides  of 
arsenic,  antimony,  lead,  and  zinc  enter  into  combination  with  the 
Bodic  hydrate,  by  expelling  its  hydrogen  which  unites  with  their 
oxygen  forming  water  in  the  case  of  zinc  the  action  is  thus  repre- 
sented : — 

ZuO  +         2  (NaHO)    =    Na^ZnOg         +  H3O 
zinc  oxide     sodic  hydrate     sodic  zincate       water 

and  it  is  typical  of  the  rest;  but  silver,  mercury,  and  copper  are 
precipitated,  and  left  behind  as  oxides.  On  treating  with  hydric 
chloride,  after  evaporation,  the  copper  oxide  is  dissolved,  but  the 
others  are  left  behind  and  do  not  pass  the  filter,  except  the  mercury, 
which  will  be  dissolved  if  it  was  originally  present  as  a  mercuric  salt. 
If  sulphuretted  hydrogen  be  passed  into  the  clear  filtrate,  sulphides 
of  the  metals  present  will  be  formed,  which  can  be  filtered  and 
washed  and  submitted  to  methods  of  examination  described  in  pre- 
vious articles.  The  substance  which  remains  on  the  filter  paper 
should  be  placed  in  a  Berlin  dish  and  warmed  with  hydric  nitrate 
(nitric  acid),  and  evaporated  nearly  to  dryness;  on  dissolving 
up  the  soluble  parts  of  the  residue  in  water  the  liquid  may  be 
analysed  by  processes  which  have  been  already  explained. 

It  must  be  remembered,  however,  that  if  silver  be  present  it  will 
now  be  in  the  form  of  chloride,  and  cannot  therefore  be  dissolved 
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by  hjdric  nitrate.  Should  no  copper  or  merenrons  salt  be  detected^ 
the  residue  should  be  treated  with  ammonia^  which  will  dissolve  ihe 
silver  chloride,  and  it  can  be  precipitated  from  this  amnionic  solu- 
tion, after  filtration  with  hydric  nitrate,  and  be  further  examined^ 
by  converting  it  first  into  oxide  by  boiling  it  with  caustic  soda, 
and  then  dissolving  up  the  oxide  in  hydric  nitrate,  which  will  give 
a  solution  of  argentic  nitrate,  the  most  convenient  form  for  applying 
confirmatory  tests. 

Sometimes,  however,  if  the  quantity  of  the  metallic  poison  be 
small  in  comparison  to  the  quantity  of  organic  matter  present,  this 
method  should  only  be  tried  on  a  small  portion  of  it,  and  if  no 
poison  be  discovered,  then  recourse  must  be  had  to  a  more  complete 
and  perfect  method  for  the  destruction  of  the  organic  matter.  The 
process  by  which  organic  matters  are  best  destroyed  is  by  oxidation ; 
and  the  most  convenient  substances  to  use  for  this  purpose  are 
potassic  chlorate  and  hydric  nitrate.  The  organic  substances  to  be 
oxidized  should  first  be  evaporated  to  perfect  dryness  on  a  water 
bath — a  higher  temperature  should  not  be  employed  for  obvious 
reasons;  the  dry  matter  left  should  be  then  treated  with  hydric 
nitrate — the  dish  in  which  the  operation  is  performed  still  being 
retained  at  a  water  bath  heat ;  the  hydric  nitrate  should  be  added 
freely,  and  when  it  begins  to  boil  potassic  chlorate  should  be  thrown 
in  in  small  quantities  at  a  time.  On  each  addition  of  the  chlorate 
the  liquid  will  froth  rather  violently,  but  the  colour  will  gradually 
disappear,  no  more  potassic  chlorate  being  used  than  is  necessary  to 
produce  this  efiect.  After  the  whole  of  the  colour  has  been  dis- 
charged, the  mass  should  be  evaporated  to  dryness ;  it  should  then 
be  dissolved  in  water,  and  boiled  with  sulphurous  acid,  which  will 
reduce  the  chlorate  which  remains  undecomposed,  and  which  will 
also  reduce  the  arsenic  acid  which  has  been  formed  by  oxidation  of 
arsenious  acid  with  the  chlorate.  The  boiling  should  be  continued 
till  all  smell  of  sulphurous  acid  has  disappeared,  otherwise  if  any 
remained  present,  it  would  decompose  the  sulphuretted  hydrogen, 
and  cause  a  deposition  of  sulphur,  the  presence  of  which  would  be 
perplexing  in  examining  the  precipitated  sulphides.  The  arsenic 
acid  should  be  reduced,  for  if  it  is  not,  no  precipitate  would  occur 
with  sulphuretted  hydrogen  till  after  some  time.  But,  inasmuch  as 
the  reduction  of  the  arsenic  acid  may  not  have  been  complete,  it  is 
always  well  to  keep  the  liquid  which  passes  the  filter,  after  the  treat- 
ment with  sulphuretted  hydrogen,  to  boil  it  and  allow  it  to  stand  for 
some  hours ;  and  collect  any  precipitate  which  may  be  found  in  it, 
as  it  may  contain  some  of  the  arsenic.     The  substance,  after  treat- 
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ment  with  sulpliurous  acid,  should  be  warmed  with  hydric  chloride 
before  passing  into  it  solpharetted  hydrogen ;  and  thus  soluble  salts 
of  all  the  metals  likely  to  be  present,  will  be  obtained,  except  silver 
and  lead,  which  will  remain  undissolved  as  chlorides ;  how  to  treat 
the  silver  chlorides  has  already  been  explained.  To  discover  lead  it 
is  best  to  boil  with  plenty  of  water,  filter,  and  allow  the  liquid  to 
cool;  the  lead  chloride,  which  is  not  nearly  so  soluble  in  cold 
water  as  in  hot,  will  be  precipitated  in  crystals,  and  can  then  be 
examined  by  methods  already  described,  as  well  as  the  solution, 
which  will  contain  some  dissolved  lead  chloride. 

If  copper  be  present  in  the  substance  to  be  tested,  the  liquid, 
after  oxidation  of  the  organic  matter,  wUl  have  a  greenish  hue  more 
or  less  intense,  according  to  the  quantity  of  copper  present ;  and 
this  green  colour  will  point  out  the  direction  which  further  examina- 
tion should  take.  K  zinc  be  the  metal  in  the  organic  mixture,  no 
precipitate  of  zinc  sulphide  will  be  thrown  down  in  an  acid  solution ; 
therefore,  if  hydric  chloride  has  been  added,  it  should  be  neutralized 
by  ammonia,  and  rendered  acid  with  acetic  acid ;  and  in  such  a  solu- 
tion white  zinc  sulphide  is  precipitated  by  sulphuretted  hydrogen. 

Our  space  will  not  allow  of  a  more  detailed  description  of  pro- 
cesses employed  in  the  detection  of  poisons ;  enough,  however,  has 
been  said  to  show  the  general  method  employed,  and  to  point  out  to 
those  interested  in  the  subject,  certain  processes  which  have  not,  I 
believe,  as  yet  been  made  public.  Before  proceeding  to  consider  a 
few  of  the  most  important  organic  poisons,  it  will  be  well  briefly  to 
allude  to  two  classes  of  mineral  substances  which  are  well  known, 
and  which  have  been  used  as  poisons.  The  strong  mineral  acids, 
commonly  called  oil  of  vitriol,  muriatic  acid,  and  aquafortis,  when 
taken  internally,  act  as  irritant  and  corrosive  poisons ;  they  destroy 
the  tissues  rapidly,  and  if  taken  in  large  doses  cause  death  in  a  few 
hours.  Sometimes,  however,  the  patient  lingers  for  some  weeks, 
and  even  if  he  recover,  suffers  for  years,  perhaps  all  his  life,  from 
deranged  digestion.  Such  results  must  manifestly  happen  from  the 
nature  of  their  action,  which  is  to  disintegrate  those  membranes  and 
glands  which  are  essential  to  the  work  of  digestion.  The  general 
symptoms  produced  by  all  these  acids  are  very  much  alike ;  they 
produce  great  pain  immediately  we  swallow  them — as  they  burn  the 
hand  or  any  external  part,  so  they  burn  the  throat,  gullet,  and 
stomach,  and  the  pain  produced  is  more  intense,  because  the  injured 
surface  is  more  sensitive.  The  countenance,  from  the  great  pain, 
expresses  anxiety,  the  pulse  is  small  and  quick,  the  breathing 
laborious,  the  lips  shrivelled  and  burnt,  the  inside  of  the  mouth  is 
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white^  and  generally  exhibits  external  marks^  prodaced  by  tbe  add, 
are  visible  on  the  face^  especially  about  the  chin  and  neck. 

The  best  treatment  is  to  give  magnesia^  chalky  or  whitings  to 
neutralize  the  acid;  milk  is  recommended  as  a  vehicle  for  their 
administration^  though  they  are  generally  suspended  in  water. 
Mucilaginous  drinks  may  be  given  freely  as  weU  as  oil^  so  these 
latter  may  be  continued  for  some  time.  It  is  dangerous  to  use  th& 
stomach  pump^  as  the  parts  are  by  the  acids  so  much  softened  and 
destroyed.  Leeches  are  sometimes  applied  to  subdue  inflammation, 
and  bleeding  may  be  found  necessary. 

After  deaths  it  is  found  that  great  destruction  has  been  caused 
by  the  acid  to  the  alimentary  canal^  the  stomach  is  often  perforated, 
and  the  membrane  which  lines  the  abdominal  cavity  is  often  found 
to  be  highly  inflamed,  even  if  no  perforation  of  the  stomach  has 
been  caused.  The  difierences  between  the  three  acids  are  in  some 
respects  very  marked^  though  their  actions  on  the  body  are  similar. 
Oil  of  vitriol  is  a  heavy  oily  liquid^  generally  brown  from  the  effects 
of  organic  matter^  but  when  pure  it  is  colourless.  It  is  used  for 
cleaning  copper  vessels^  and  for  other  domestic  purposes ;  in  the  dilute 
state  it  is  used  as  a  medicine^  and  has  astringent  properties.  It  is 
given  in  hsBmorrhages^  and  as  a  tonic  in  extreme  debility.  It  is 
also  supposed  to  be  efficacious  in  stopping  diarrhoea.  When  vege- 
table substances  are  put  into  it^  it  chars  them.  If  poured  into  a 
strong  syrup  it  first  turns  it  brown  and  then  black ;  the  action  is 
violent  and  attended  with  great  evolution  of  heat.  Oil  of  vitriol, 
like  other  acids,  reddens  blue  litmus  paper,  and  changes  the  colour 
of  black  cloth  to  red.  K  the  acid  be  strong  when  dropped  on  cloth 
or  linen  it  does  not  dry,  as  one  of  its  properties  is  to  absorb  mois- 
ture. The  red  colour  which  it  causes  when  it  acts  on  black  cloth  is 
destroyed  by  ammonia,  and  the  black  colour  is  restored.  These 
points  are  of  importance  in  medico-legal  inquiries,  as  furnishing 
evidence  of  the  nature  of  the  poison  which  has  been  taken. 

Oil  of  vitriol  (hydrio  sulphate)  is  detected  by  the  white  precipi- 
tate which  it  gives  with  a  soluble  salt  of  barium,  and  which  is 
insoluble  in  all  acid  liquids.  When  this  precipitate  is  heated  with 
charcoal  and  dried  carbonate  of  soda,  it  is  reduced,  and  a  sulphide  is 
formed  which  evolves  sulphuretted  hydrogen  on  the  addition  of  an 
acid  liquid,  the  sulphuretted  hydrogen  being  detected  by  its  smell 
or  by  its  blackening  paper  moistened  with  plumbic  acetate.  When 
mixed  with  organic  substances,  they  should  be  diluted  with  water  and 
filtered ;  to  the  filtrate,  chloride  or  nitrate  of  barium  should  be  added, 
and  a  white  precipitate  will  be  fonned  if  oil  of  vitriol  or  any  other 
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sulphate  be  present.  Hydric  sulphate  maybe  separated  from  hydrio 
chloride^  and  hydrio  nitrate  by  distilling  from  a  dilate  solution  at 
the  temperature  of  a  chloride  of  calcium  bath ;  the  two  latter  acids 
are  volatile  at  such  a  temperature^  and  pass  over^  leaving  the  hydric 
sulphate  behind.  Sulphates  may  be  present  which  have  been 
administered  as  antidotes^  such  as  sulphate  of  zinc^  or  if  lime  has 
been  given^  sulphate  of  Ume  will  be  found.  And  here  it  is  necessary 
to  consider  the  symptoms  and  post  mortem  appearances^  for  in 
cases  of  poisoning  by  oil  of  vitriol  they  are  very  distinct,  and  lead, 
if  oil  of  vitriol  in  any  quantity  be  found  on  analysis,  to  the  con- 
clusion that  it  was  the  cause  of  death. 

Aquafortis,  or  hydric  nitrate,  is  not  often  taken  or  administered 
as  a  poison.  The  symptoms  which  it  produces  are  like  those 
resulting  from  taking  oil  of  vitriol,  as  also  are  the  post  mortem 
appearances;  it  is  not,  however,  so  corrosive  in  its  action,  and 
therefore  perforations  of  the  alimentary  canal  are  not  so  common. 
The  tests  for  its  detection  of  course  differ  from  those  for  hydrio 
sulphate.  In  the  first  place,  it  causes  yellow  stains  on  black  cloth, 
and  the  colour  of  these  is  not  discharged  by  ammonia ;  and  in  the 
next,  as  all  nitrates  are  soluble,  it  cannot  be  detected  by  precipitation. 

Nitrates,  when  heated  with  strong  hydric  sulphates  and  copper, 
are  decomposed  and  give  off  red  fames  of  nitrous  acid ;  these  can  be 
detected  by  their  colour  and  smell,  but  if  present  only  in  small 
quantities,  by  their  action  on  paper  moistened  with  iodide  of 
potassium  and  starch.  ITiis  they  turn  blue,  for  they  decompose  the 
iodide,  setting  iodine  free,  and  free  iodine  causes,  with  the  starch, 
the  blue  colour  which  appears.  If,  to  some  of  the  nitrates  in  solu- 
tion, an  equal  bulk  of  strong  hydric  sulphate  be  added,  and  the 
mixture  be  allowed  to  cool,  a  solution  of  protosulphate  of  iron 
poured  carefully  on  to  the  mixture  will  not  mingle  with  it,  but 
will  float  on  its  surface,  and  at  the  junction  of  the  two  liquids  a 
brown  ring  will  appear.  In  organic  mixtures,  the  liquid  should  be 
neutralized  with  carbonate  of  potash  and  filtered,  and  the  filtrate 
should  be  evaporated,  and  the  nitrate  will  crystallize  out.  If  the 
crystals  be  heated  with  carbon  they  will  deflagrate.  As  magnesia 
and  chalk  are  often  given  in  cases  of  poisoning  by  the  acids,  it  is 
well  to  neutralize  with  carbonate  of  potash,  as  magnesia  and  chalk 
are  thus  precipitated  as  carbonates,  they  being  insoluble  in  water; 
but  the  nitrates  are  soluble,  and  nitrate  of  potassium  will  remain  in 
solution,  and  to  this,  after  crystallization,  the  tests  for  a  nitrate 
may  be  applied.  Some  toxicologists  recommend  what  is  called  the 
morphia  test ;  it  is  performed  in  this  way :    a  small  piece  of  the 
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substance  supposed  to  be  a  nitrate^  should  be  placed  on  a  white 
porcelain  surface ;  it  should  be  decomposed  by  strong  hydric  sul- 
phate^ and  then  a  little  morphia  should  be  dropped  in  the  liquid ; 
if  it  be  a  nitrate,  the  morphia  will  become  reddish  yellow. 

Muriatic  acid  or  hydric  chloride,  commonly  called  spirit  of  salt, 
has  in  a  few  cases  been  used  as  a  poison.  The  effects  it  produces 
are  similar  to  those  already  described  for  the  other  acids.  Like  oil 
of  vitriol,  it  makes  red  spots  on  black  cloth,  and  the  colour  of  the 
cloth  is  restored  by  ammonia.  Soluble  chlorides  give  a  white  pre- 
cipitate with  nitrate  of  silver,  soluble  in  ammonia,  insoluble  in 
hydric  nitrate.  When  heated  with  hydric  sulphate  and  manganic 
oxide,  chlorine  is  evolved. 

In  organic  solutions  it  is  best  to  distil  off  the  acid,  not  letting 
the  temperature  rise  above  that  of  a  bath  of  chloride  of  calcium. 
If  a  quantity  of  free  hydric  chloride  comes  off,  and  if  the  symptoms 
agree  with  poisoning  by  that  substance,  it  may  be  skfely  concluded 
that  it  has  been  the  cause  of  death.  If  the  organic  liquid  is  not 
strongly  acid,  owing  to  the  administration,  before  death,  of  substances 
which  have  neutralized  the  acid,  then  it  is  well  to  add  hydric  sulphate 
before  distilling,  as  it  sets  free  hydric  chloride  ;  but  here  a  preliminary 
test  should  be  made  to  show  that  a  sulphate  is  not  present,  at  least  in 
any  quantity.  When  a  sulphate  has  been  administered,  it  is  better 
to  precipitate  from  the  liquid  filtered  from  the  solid  matter,  the 
chlorides,  with  nitrate  of  silver,  then  to  filter  off  the  precipitated 
chloride  of  silver,  wash  it,  and  dissolve  in  ammonia.  After  filtering 
the  ammonia  solution,  the  silver  chloride  can  be  re-precipitated 
from  it  with  hydric  nitrate,  and  the  silver  salt  on  boiling  with 
caustic  soda  is  decomposed,  oxide  of  silver  being  thrown  down, 
while  chloride  of  sodium  remains  in  solution,  and  to  this  the  con- 
firmatory tests  of  a  chloride  can  be  applied. 

The  caustic  alkalies  and  their  carbonates,  when  taken  in  the 
concentrated  form,  act  as  instant  and  corrosive  poisons.  When 
swallowed,  they  produce  a  burning  pain  in  the  throat,  violent  pain 
in  the  stomach,  colic  pains  and  purging.  The  abdomen  becomes 
tense  and  tender  on  pressure.  Death  generally  takes  place  after  a  few 
hours,  the  patient  dying  in  a  state  of  collapse.  From  the  caustio 
nature  of  the  poison,  the  passage  from  the  mouth  to  the  stomach 
becomes  constricted,  and  the  person  after  a  time  dies  of  starvation. 
Acid  drinks  are  given  as  antidotes;  vinegar,  lemon  juice,  and 
soothing  liquors,  such  as  oil,  may  be  freely  administered.  If  in- 
flammation set  in,  it  must  be  specially  treated.  As  in  poisoning  by 
acids,  and  for  the  same  reasons,  the  stomach-pump  should  not  be 
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used.     After  death  the  marks  of  a  corrosive  poison  are  distiaotlj 
risible  in  the  mucous  membrane  of  the  mouth,  which  is  in  part 
destroyed  and  softened;    there  is  ulceration  and  extravasation  of 
blood.     The  alkalies  have  not  been  known  to  produce  perforation. 
Caustic  potash  occurs  in  various  forms,  in  lumps,  flat  masses,  and  in 
circular  sticks  about  the  diameter  of  an  ordinary  pencil ;  it  is  very 
soluble  in  water,  and  also  readily  takes   up   moisture,  becoming 
damp ;  it  is  a  deliquescent  substance.     It  is  also  kept  in  liquid  under 
the  name  of  hqnor  potassaa,  and  is  used  in  medicine.     It  is  detected 
by  giving  a  yellow  precipitate  with  the  tetra  chloride  of  platinum, 
it  having  been  first  converted  into  the  chloride  of  potassium.     In 
this  respect  it  resembles  ammonia.      In  testing    for  potash,   the 
organic  liquid  supposed  to  contain  it  should  be   filtered  and  the 
liquid  evaporated  and  heated  to  destroy  organic  matter,  then  hydric 
chloride  should  be  added  and  heat  apphed,  even  after  all  moisture 
has  been  expelled,  in  order  to  drive  off  any  ammonia  salts  which 
may  be  present ;  the  residue  should  be  dissolved  and  tetra  chloride 
of  platinum   added;    the  occurrence  of  a  yellow  precipitate  wiU 
indicate  the  presence  of  potash.     If  the  potash  has  been  given  in 
the  form  of  carbonate,   on  the  addition  of  hydric  chloride   effer- 
vescence will  take  place,  and  carbonic  acid  gas  will  be  evolved. 
Potash  salts  also  give  a  crystalline  precipitate  with  bitartrate  of 
soda,  for  the  bitartrate  of  potash  is  very  slightly  soluble  in  water, 
whereas  the  bitartrate  of  soda  dissolves  readily.     Soda  salts  are  not 
so  easily  detected  as  those  of  potash ;  the  only  reagent  which  gives 
an  insoluble  precipitate  with  them  is  the  metantimoniate  of  potash. 
Soda  may  be  obtained  from  organic  solutions  in  just  the  same  way 
as  potash,  and  the  substance  being  freed  by  heat  from  ammonia 
salts,  may  be  treated  with  a  solution  of  metantimoniate  of  potash, 
when  a  peculiar  crystalline  precipitate  will  be  found,  which  generally 
adheres  to  the  sides  of  the  test  tube.     Ammonia  is  very  rarely  used 
as  a  poison.     It  occurs  as  liquid  ammonia,  and  as  sesqui-carbonate 
of  ammonia;  it  is  easily  detected  by  its  smell.     Ammonia  gas  has 
sometimes  caused  death  by  producing  suffocation.     When  a  salt  of 
ammonia  is  heated  with  caustic  soda  or  potash,  ammonia  is  set  free, 
and  can  be  recognized  by  its  powerful  odour.     Ammonia  gas,  when 
it  comes  in  contact  with  the  fumes  of  hydric  chloride,  renders  them 
very  white  and  dense,  and  this  is  sometimes  used  for  its  detection. 
When  ammonia  has  to  be  sought  for  in  organic  liquids,  they  should 
be  first  mixed  with  caustic  soda  and  distilled,  the  ammonia  will 
come  over  in  the  form  of  gas,  and  can  be  condensed  in  water,  in 
which  the  gas  is  very  soluble.     Our  remaining  space  will  be  devoted 
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to  the  consideration  of  one  or  two  of  the  most  common  org'anic 
poisons. 

Oxalic  acid  is  a  well  known  poison ;  it  is  cheap^  and  very  active 
when  taken  in  sufficient  quantity^  and  is  used  extensively  in  mann- 
factnres.  It  is  a  poison  rather  used  by  the  saicide  than  the  mur- 
derer, owing  to  its  strongly  acid  taste^  for  sufficient  to  cause  death 
could  hardly  be  administered  without  the  victim  perceiving  it.  It 
has  sometimes  been  the  cause  of  accidental  poisoning,  from  its 
resemblance,  in  appearance,  to  sulphate  of  magnesia  (Epsom  salts), 
though  its  taste  is  very  diflferent — Epsom  salts  having  a  bitter  and 
peculiar  flavour.  In  1837-38  nineteen  cases  of  poisoning  by  oxalic 
acid  occurred;  of  these,  fourteen  were  cases  of  suicide.  Oxalic 
acid  is  found  in  common  sorrel  {oxalis  acetosella),  not  however  as 
the  acid,  but  as  the  acid  oxalate  of  potassium.  Other  plants  contain 
it,  the  barilla  plant,  in  which  it  exists  as  oxalate  of  sodium ;  it  is 
also  found  in  common  rhubarb.  It  is  prepared  on  a  large  scale  by 
heating  sawdust  with  caustic  potash ;  the  potash  is  usually  mixed 
with  soda,  as  the  mixture  of  the  two  is  found  to  be  more  profitable. 
The  alkali  soda  does  not  furnish  the  acid,  and  potash,  if  used  by 
itself,  would  be  too  expensive.  After  the  action  is  completed,  the 
soluble  salts  are  dissolved  out  from  the  mass,  and  the  oxalate  of 
sodium  which  is  not  so  soluble,  is  left.  The  alkalies,  after  proper 
treatment  are  again  prepared  for  further  use,  but  the  oxalate  of 
sodium  is  boiled  with  lime,  and  the  insoluble  oxalate  of  calcium  is 
formed ;  this  is  treated  with  oil  of  vitriol,  which  decomposes  it, 
forming  sulphate  of  lime  and  oxalic  acid,  which  is  crystallized  out 
from  the  solution.  The  usual  method  of  prepariug  oxalic  acid  is  by 
the  oxidation  of  sugar  or  starch,  by  hydric  nitrate.  The  two  are 
heated  together  in  a  retort ;  carbonic  acid  and  nitrous  fumes  are 
given  off.  After  the  action  has  continued  sufficiently  long,  the 
liquid  is  evaporated,  and  the  oxalate  crytallizes  out.  From  the  fact 
that  oxalic  acid  was  made  from  sugar,  it  received  the  name  '^  acid  of 
sugar.''  Oxalic  acid,  when  pure,  is  entirely  dissipated  by  heat,  it 
breaks  up  into  carbonic  acid,  carbonic  oxide,  and  water.  When 
heated  with  hydric  sulphate  it  is  decomposed  into  the  same  com- 
pounds, the  carbonic  acid  and  carbonic  oxide  escaping,  while  the 
water  remains  behind  with  the  hydric  sulphate.  Oxalic  acid  is 
largely  used  by  calico  printers,  and  is  very  effectual  in  discharging 
the  colour  of  ink  stains  from  wood  or  linen.  About  half  an 
ounce  of  the  acid  is  a  poisonous  dose.  When  taken  in  this 
quantity  it  produces  vomiting,  causing  a  burning  sensation  in  the 
throat ;  the  vomiting,  however,  does  not  always  occur,  the  patient 
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experiences  great  pain  over  the  region  of  the  stomacli^  and  gene- 
rally dies  in  a  state  of  collapse.     There  are  other  symptoms  more 
or  less  regular  in  their  occurrence — such  as  perspirations,  quick 
breathing,  great  prostration,  from  which  it  is  difficult  to  arouse  the 
patient,  extreme  pain  in  the  abdomen,  and  numbness  in  the  limbs 
immediately  preceding  death.     The  matters  vomited  are  usually 
green  or  black,  and  contain  altered  blood.     After  death  the  mouth 
and  throat,  which  have  been  afifected  by  the  acid,  are  white,  the 
mucous  membrane  which  Unes  them  is  disintegrated,  it  is  soft  and 
easily  removed.     The  blood-vessels  are  filled  with  dark  blood.    The 
stomach  is  sometimes  inflamed,  at  others  pale  like  the  mouth  and 
throat.      A  dark-coloured   substance  is   sometimes  found  in  the 
stomach,  and  the  upper  part  of  the  intestines  is  frequently  inflamed. 
Where  the  dose  taken  is  very  large,  the  stomach  often  presents 
an  appearance  similar  to  that  produced  by  oil  of  vitriol.     Oxalic 
acid  does  not  seem  to  be  a  corrosive,  though  it  is  an  irritant  poison, 
perforation   of  the  stomach  is  rarely  produced  by  it.      When  a 
person  has  taken  this  poison,  the  best  treatment  is  to  administer 
lime  in  the  form  of  chalk,  or  in  solution  in  water  mixed  with  oil. 
If  chalk  cannot  be  obtained,  the  scraping  of  the  ceilings  or  walls 
may  be  administered,  suspended  in  water.     Lime  in  any  form  is  the 
best  antidote,  as  oxalate  of  lime  is  insoluble  in  water.     Emetics 
may  be  administered  with  advantage,  if  the  poison  has  not  already 
produced  sickness,  and  the  stomach-pump  should  be  resorted  to, 
but  care  should  be  taken  not  to  injure  the  throat,  which  has  been 
rendered  tender  by  the  acid.     The  action  of  oxalic  acid  is  so  rapid 
that,  what  remedies  are  employed  should  be  used  quickly.     AlkaJies 
must  not  be  given,  as  their  oxalates  are  very  poisonous.     Death 
from  the  direct  action  of  oxalic  acid  has  occurred  within  twenty 
minutes,  or  it  may  be  delayed  for  several  hours.     The  secondary 
efiects  have  not,  in  one  case,  proved  fatal  till  after  twenty- three  days. 
Bin-oxalate  of  potash,  commonly  called  ^'  salt  of  lemons,"  is  quite 
as  poisonous  as  oxalic  acid,  the  symptoms  which  it  produces  are  the 
same,  as  also  are  the  post  mortem  appearances  which  it  leaves  behind. 
Half  an  ounce  of  this  salt  is  a  fatal  dose,  and  the  treatment  to  be 
employed  in  no  way  diflers  from  that  recommended  for  poisoning  by 
oxalic  acid.     In  the  solid  form,  it  has  been  said  that  oxalic  acid 
resembles  sulphate  of  magnesia,  it  is  also  very  like  sulphate  of  zinc. 
In  the  mass,  however,  its  crystals  look  more  opaque  than  those  of 
either   of  these   substances.     It  is,  however,   easy  to   distinguish 
between  them  by  the  tdste ;  oxalic  acid  is  sour,  magnesic  sulphate 
and  zinc  sulphate  are  bitter— all  three  are  soluble  in  water.     If 
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ammonia  solution  be  added  to  a  solution  of  each  of  them^  it  will 
produce  no  apparent  eflFect  on  the  oxalic  acid,  but  it  will  throw 
down  a  white  precipitate  in  the  solution  of  the  zinc  salt,  which  is 
soluble  in  excess  of  ammonia,  and  with  the  magnesia  solution  it 
gives  a  white  precipitate,  not  soluble  in  excess,  but  which  is  dis- 
solved by  muriatic  acid,  from  which  solution  it  cannot  be  repre- 
cipitated  by  ammonia.  With  caustic  potash  or  soda  dissolved  in 
water,  oxalic  acid  gives  no  precipitate,  but  both  the  other  substances 
do ;  the  zinc  precipitate  however  being  soluble  in  excess  of  the 
alkali.  Heat  also  serves  to  distinguish  between  them ;  it  completely 
dissipates  oxalic  acid,  but  only  drives  off  the  water  of  crystallization 
from  the  other  two  salts,  so  that  a  white  powder  is  left  behind. 

Inasmuch  as  a  solution  of  oxalic  acid  has  a  stronsr  acid  taste  and 
reaction,  it  might  be  supposed  that  it  contained  oil  of  vitriol.  This 
can  be  disproved  by  adding  muriatic  acid  and  chloride  of  barium, 
for  no  precipitate  will  be  found  if  the  liquid  contains  only  an  oxalate ; 
whereas  a  white  precipitate  will  be  thrown  down  if  a  sulphate  be 
present.  Nitrate  of  silver  gives  no  precipitate  with  an  oxalate  in  a 
solution  acid  with  hydric  nitrate,  and  this  proves  that  the  acidity  of 
the  solution  under  examination  is  not  due  to  the  presence  of  hydric 
chloride.  If  copper  and  hydric  sulphate  be  warmed  with  the  acid 
liquid,  red  fumes  of  nitric  acid  will  be  given  off  if  its  acidity  is 
caused  by  hydric  nitrate.  The  best  test  for  an  oxalate  is  a  soluble 
lime  salt,  the  precipitate  found  is  white  and  insoluble  in  water, 
but,  as  it  is  soluble,  in  what  are  called  the  mineral  acids,  before 
adding  the  lime  salt  to  the  solution  to  be  tested,  it  should  be  made 
neutrcd  or  alkaline  with  ammonia.  Oxalate  of  lime  is  insoluble  in 
acetic  acid,  and  this  distinguishes  it  from  other  lime  salts  insoluble 
in  water.  Nitrate  of  silver  has  no  very  distinctive  reaction  with 
oxalates.  In  a  neutral  solution  it  causes  a  white  precipitate,  and 
when  the  precipitate  is  heated  it  detonates,  and  leaves  metallic 
silver.  In  mixtures  containing  organic  matter  oxalic  acid  is  easily 
detected;  it  does  not  form  albuminates,  nor  does  it  in  any  way 
unite  with  organic  bodies  forming  insoluble  compounds.  It  is  best  to 
dilute  the  liquid  in  the  mixture  to  be  tested,  then  to  filter  it.  Some- 
times it  is  well  to  boil  before  filtering,  and  it  may  be  desirable  to 
pass  it  through  animal  charcoal  if  it  be  too  highly  coloured.  To  the 
filtrate  acetate  of  lead  should  be  added,  and  oxalate  of  lead  will 
be  thrown  down.  The  addition  of  the  acetate  should  be  continued 
till  no  further  precipitate  is  formed.  The  oxalate  of  lead  should 
then  be  filtered  off  from  the  liquid,  and  well  washed ;  after  that  it 
should  be  suspended  in  distilled  water,  and  sulphuretted  hydrogen 
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passed  in  till  the  lead  salt  is  all  decomposed.  The  decomposition 
which  takes  place  is  this,  the  sulphur  of  the  sulphuretted  hydrogen 
goes  to  the  lead,  forming  lead  sulphide,  which  is  black,  and  the 
hydrogen  takes  its  place  in  the  oxalate,  forming  hydric  oxalate 
(oxalic  acid).  The  sulphide  of  lead  must  now  be  removed  by 
filtration,  and  the  liquid  boiled  to  expel  the  excess  of  sulphuretted 
hydrogen  dissolved  in  it ;  the  boiling  may  be  continued  to  evaporate 
the  water,  so  that  on  cooling  the  liquid  may  deposit  crystals.  These 
crystals  should  be  dissolved  in  distilled  water,  and  be  then  submitted 
to  the  tests  which  have  been  described.  If  the  lime  reaction  is  em- 
ployed, and  it  is  the  best,  by  way  of  confirmation,  some  of  the 
precipitated  oxalate  of  lime  should  be  dried  and  heated  to  a  dull 
red  heat.  By  this  means  it  will  be  decomposed,  carbonate  of  lime, 
and  perhaps  some  lime,  being  left.  Both  these  substances  are 
soluble  in  acetic  acid,  whereas  the  oxalate  of  lime  is  no^.  This  con- 
firmatory evidence  is  very  reliable,  as  no  substance  but  calcic 
oxalate  will  give  these  reactions. 

Amongst  the  organic  poisons,  prussic  acid  is  perhaps  most 
generally  used ;  its  efiects  are  very  deadly  and  very  rapid,  from  the 
small  quantity  required  to  cause  death,  and  from  the  ease  with 
which  it  can  be  taken  or  administered  to  others,  it  has  been  too 
frequently  used  by  the  suicide  and  poisoner.  It  will  be  remembered 
that  not  many  months  ago  a  whole  family  was  poisoned  in  the 
neighbourhood  of  Smithfield  with  prussic  acid,  and  the  details  con- 
nected with  that  case  were  so  extremely  painful  that  for  a  time  it 
called  public  attention  very  particularly  to  this  poison.  The  criminal 
records  show  that,  next  to  opium,  prussic  acid  has  been  more  fre- 
quently used  than  any  other  poison  for  causing  death.  Dr.  Guy 
states  that  in  the  years  1837-8,  twenty-seven  cases  of  poisoning  by 
prussic  acid  came  under  the  notice  of  the  coroner ;  eight  of  these 
were  suicides,  and  in  each  case  the  person  was  either  a  medical 
practitioner  or  a  druggist.  A  short  time  ago  the  contents  of  a 
stomach  were  brought  to  the  author  for  analysis ;  the  poison  found 
was  prussic  acid,  and  the  suicide  was  a  druggist.  The  ease  with 
which  the  poison  is  procured  by  such  persons,  and  the  rapidity  of 
its  action,  together  with  the  knowledge  which  they  possess  of  the 
apparently  little  suffering  which  it  produces,  no  doubt  causes  it  to 
be  more  frequently  taken  by  them  than  by  others  who  can  only 
obtain  it  with  difficulty,  and  who  have  no  knowledge  of  its  action. 

Poison  by  prussic  acid  is,  however,  often  accidental.  The  in- 
cautious use  of  substances  which  contain  this  poison  has  too  fre- 
quently been  the   cause   of    death.      The    essential  oil  of  bitter 
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almonds^  used  as   a  flavouring  for  confectionary,  if  not  properly 
purified,  contains  prussic  acid,  and  very  serious  consequences  have 
arisen  from  its  being  employed  too  freely.     It  may,  however,  be 
freed  from  prussic  acid,  to  which  its  peculiar  pleasant  flavour  is  not 
owing,  by  treating  it  with  lime  and  ferrous  chloride  (protochloride 
of  iron)    and   distilling   the  mixture.      The  leaves  of  the  laurel 
{pruntLS  laurocerasus),  the  kernels  of  plums,  cherries,  and  peaches, 
and  the  pips  of  apples,  contain  prussic  acid,  and  death  has  been 
caused  by  taking  too  large  quantities  of  some  of  them.     Prussic 
acid  belongs  to  the  class  of  poisons  termed  narcotic ;  their  action  is 
on  the  brain  and  spinal  marrow.    The  peculiar  symptoms  of  narcotism 
are  produced  most  completely  by  opium,  whereas  prussic  acid  seems 
to  afiect  the  heart  and  lungs.     Opium  stands  at  the  head  of  the  list 
of  narcotic  poisons,  but  it  will  be  briefly  considered  after  prussic  acid, 
or  as  it  is  sometimes  called  hydrocyanic  acid,  and  more  correctly 
hydric  cyanide.     Prussic  acid  is  a  compound  made  up  of  hydrogen 
and  a  gas  called  cyanogen,  which  is  itself  a  compound  of  carbon  and 
nitrogen.     Cyanogen  contains  twelve  parts  by  weight  of  carbon,  and 
fourteen  of  nitrogen.     It  is  a  poisonous  gas,  and  is  usually  prepared 
by  heating  mercuric  cyanide;  it  is  decomposed  by  water,  forming 
ammonic  oxalate,  amongst  other  products.      When  collected  over 
mercury  and  burnt,  it  gives  a  beautiftd  pink  flame,  and  yields  car- 
bonic acid  and  nitrogen  gases.     Prussic  acid  is  usually  prepared  by 
heating  potassic  cyanide  with  dilute  hydric  sulphate  (sulphuric  acid), 
or  more  commonly  by  using  potassic  ferocyanide  instead  of  potassic 
cyanide.     Potassic  ferocyanide,  generally  known  by  the  name  of 
yellow  prussiate    of  potash,  is   met   with  in  well-marked  yellow 
crystals ;  although  yielding  so  poisonous  a  substance  on  its  decom- 
position, it  is  itself  harmless,  and  if,  when  swallowed,  it  has  any 
action  on  the  human  frame,  it  is  that  of  a  mild  aperient.     The  making 
of  prussic  acid  is  usually  performed  in  a  retort,  and  the  volatile  hydric 
cyanide  is  carefully  condensed  and  collected  in  water.     The  pure 
acid,  free  from  water,  is  made  by  passing  the  gas  through  a  tube  made 
in  the  shape  of  the  letter  U — this  tube  is  filled  with  cyanide   of 
potassium;    a  second  U  tube  is  employed,   which   is  filled   with 
chloride   of  calcium ;    the  cyanide  of  potassium   stops   any  hydric 
sulphate  which  might  come  over,  and  the  chloride  of  calcium  retains 
the  moisture  which  accompanies  the  acid :  to  the  chloride  of  calcium 
tube  is  attached  a  delivery  tube,  which  dips  into  a  glass  flask  sur- 
rounded by  a  freezing  mixture  composed  of  ice  and   salt,  and  in 
this  vessel  the  pure  hydric  cyanide  is  collected.      Prussic  acid  is 
rarely  met  with  in  this  state,  it  is  always  diluted  with  water,  and 


OBaiNic  POISONS.  518 

preparations  of  it  of  varions  strength  are  used  in  medicine.  Scheele's 
prossic  acid  contains  four  per  cent,  of  the  pure  acid;  bat  that  pre- 
pared according  to  the  directions  of  the  pharmacopoeia  contains  but 
two  per  cent.  The  aqueous  solution  decomposes^  especially  when 
exposed  to  light,  and  ammonic  formiate  is  produced ;  the  acid  too  is 
very  volatile,  and  escapes  readily  if  the  bottle  containing  it  be  left 
open,  so  that,  unless  fresh  made,  ordinary  prussic  acid  varies  very 
much  in  strength.  It  may,  however,  be  kept  for  a  long  time  un- 
changed, if  a  few  drops  of  hydric  chloride  (hydrochloric  acid)  be 
dropped  into  it ;  this  action  is  not  understood. 

The  odour  of  prussic  acid  is  said  to  resemble  that  of  the  essential 
oil  of  bitter  almonds;  this,  however,  is  an  error,  as  oil  of  bitter 
almonds  has  the  same  smell  when  freed  from  prussic  acid ;  its  odour 
is  sickly  and  very  oppressive,  and  when  once  smelt  is  never  forgotten. 

Other  salts  of  cyanogen,  besides  hydric  cyanide,  have  been  used 
as  poisons,  and  amongst  these  cyanide  of  potassium  is  the  most 
important.  It  is  largely  used  by  photographers,  and  is  therefore 
more  readily  obtained  than  prussic  acid,  the  hydrogen  salt.  It  is, 
too,  more  dangerous,  as  its  solution  may  contain  a  larger  quantity  of 
poisonous  matter  than  either  the  acid  of  the  pharmacopoeia  or 
Scheele^s  acid.  Both  prussic  acid  and  cyanide  of  potassium  produce 
similar  effects  on  the  human  frame.  The  former  is  used  in  medicine, 
but  in  a  state  of  great  dilution ;  it  allays  pain  and  spasms,  but  if 
given  in  large  doses  it  produces  giddiness.  It  is  often  given  in 
affections  of  the  stomach  to  allay  vomiting,  and  in  cases  of  asthma, 
or  where  cough  results  from  nervous  irritation,  it  has  a  sedative 
action,  and  allays  palpitation  of  the  hearty  especially  when  it  arises 
from  dyspepsia. 

The  vapour  is  sometimes  employed  to  produce  local  action  upon 
the  lungs  in  chest  affections  ;  externally  applied  it  allays  irritation,, 
but  here  it  must  be  used  in  the  dilute  state.  In  large  doses  prussic 
acid  acts  as  a  violent  and  rapid  poison,  prostrating  the  individual  at 
once ;  in  a  few  seconds  the  symptoms  come  on,  and  in  a  few  minutes 
death  ensues,  though  there  are  cases  on  record  where  death  has  been 
delayed  for  forty-five  minutes.  After  taking  a  poisonous  dose,  there 
is  usually  a  short  period  of  consciousness  in  which  the  person  can 
perform  voluntary  acts.  This  fact  is  established  beyond  a  doubt 
by  cases  recorded  by  Dr.  Christison :  ''  An  apothecary^s  apprentice 
lad  was  sent  from  the  shop  to  the  cellar  for  some  carbonate  of 
potass ;  but  he  had  not  been  a  few  minutes  away  when  his  com- 
panions heard  him  cry,  in  a  voice  of  great  alarm,  '  Hartshorn ! 
hartshorn!'     On  instantly  rushing  down  stairs,  they  found   him 
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reclining  on  the  lower  steps^  and  grasping  the  rail ;  and  he  had 
Bcarcely  time  to  matter  '  Prassic  acid  !'  when  he  expired,  not  more 
than  fi7e  minntes  after  leaving  the  shop.     On  the  floor  of  the  cellar 
an  ounce  phial  was  fonnd,  which  had  been  filled  with  the  Bavarian 
hydrocyanic  acid,  but  contained  only  a  drachm.     It  appeared  that  he 
had  taken  the  acid  ignorantly  for  an  experiment,  and  from  the  state 
of  the  articles  in  the  cellar  it  was  evident  that,  alarmed  at  its  instan- 
taneous operation,  he  had  tried  to  get  at  the  ammonia,  which  he 
knew  was  the  antidote,  but  he  found  the  tremendous  activity  of  the 
poison  would  not  allow  him  even  to  undo  the  covering  of  the  bottle/'  * 
Another  case  is  also  one  of  an  apothecary's  assistant,  who  was 
found  dead  in  bed  with  an  empty  tworounce  phial  on  each  side  of 
the  bed.   The  mattrass,  which  is  used  in  Germany  instead  of  blankets, 
was  pulled  up  as  high  as  the  breast,  the  right  arm  extended  straight 
down  beneath  the  mattrass,  and  the  left  arm  bent  at  the  elbow. 
That    voluntary  acts    can    be    performed    after  taking   sufficient 
prussic  acid  to  cause  death,  is  of  great  importance  in  medico-legal 
investigations.     A  young  man,  assistant  to  a  medical  practitioner, 
was  accused  of  administering  prussic  acid  to  a  servant  girl.     Sbe 
was  found  dead  in  bed,  lying  in  a  composed  posture,  with  her  arms 
crossed  over  her  body,  and  the  bed-clothes  pulled  smoothly  up  to 
her  chin ;  at  her  right  side  lay  a  small  phial,  from  which  about  five 
drachms  of  prussic  acid  solution  had  been  taken,  and  the  cork  was 
replaced  in  the  bottle,  which  was  wrapped  up  in  paper.    Various 
medical  men  were  examined  as  to  whether  the  woman  could  have 
performed  all  these  acts  between  the  time  of  takiug  the  poison  and 
of  her  death.     Dr.  Christison  was  consulted  on  the  case,  and  the 
jury  acquitted  the  prisoner.     In  order  to  cause  death,  prussic  acid 
need  not  be  taken  by  the  mouth,  dropped  between  the  eyelids  it  is 
equally  fatal  in  its  effects.    When  injected  into  a  vein  it  acts  even 
more  rapidly,  and  placed  on  a  fresh  wound  it  is  absorbed,  and  causes 
death.     In  whatever  way  the  poison  is  administered,  the  effects 
produced  are  similar:    they  consist  of  tetanic  spasms,  giddiness, 
quick -catching  respiration,  rattle  in  the  throat,  dilated  pupil,  con- 
vulsions of  the  limbs,  rigid  contraction  of  the  jaw,  and  the  person 
dies  either  in  tetanic  convulsions  or  comatose.     If  the  dose  taken 
be  small,  but  yet  sufficient  to  cause  death,  the  patient  survives  a 
longer  time,  and  then  salivation  occurs  with  difficult  breathing,  and  he 
dies  generally  from  suffocation.  In  some  few  cases  narcotic  symptoms, 
similar  to  those  produced  by  opium,  have  been  observed.     After 
death  the  appearance  of  the  person  seems  natural,  the  countenance 
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is  composed^  but  pale ;  the  eyes  hare  a  glistening  look,  leading  one 
to  suppose  that  the  life  is  not  ertinct.  There  is  rigidity  in  the  neck 
and  HmbS;  often  an  odonr  of  prussic  acid  from  the  month.  On 
making  a  post-mortem  examination,  the  smell  of  the  poison  is  very 
marked  on  opening  the  cavities  of  the  chest  and  abdomen.  The 
blood  is  generally  flnid,  and  the  vessels  of  the  brain  are  loaded  with 
it;  sometimes  semm  is  found  in  the  interior  of  the  brain.  The 
odonr  of  prussic  acid  seems  to  hang  about  this  organ,  and  Dr.  Taylor 
says  that  it  is  even  present  where  persons  have  died  from  natural 
causes.  The  bile  is  also  said  to  have  a  blue  colour ;  this  was  noticed 
by  Mertzdorff.  Putrefaction  sets  in  rapidly,  although  it  has  been 
asserted  that  it  is  delayed  by  the  action  of  this  poison. 

What  is  the  smallest  dose  of  hydrocyanic  add  which  will  cause 
death  ?  Less  than  one  grain  of  the  pure  acid  has  caused  death  in 
an  adult.  More  than  eight  minims  are  rarely  given  as  a  medicine^ 
and  half  a  drachm,  or  thirty  minims  of  the  pharmacopoeia  acid 
would  no  doubt  produce  very  sierions  symptoms.  The  treatment  to 
be  employed  where  a  person  has  taken  prussic  acid,  is  to  administer 
that  which  will  render  the  substance  inactive,  or  which  will  act  in  a 
manner  opposed  to  it.  The  time,  however,  which  one  has  at  one's 
disposal  is  so  short,  that  remedies  are  rarely  of  much  avail,  unless 
applied  immediately  after  the  poison  has  been  taken.  Sometimes  in 
the  laboratory  one  gets  slightly  affected  by  this  gas,  and  then  the 
remedy  is  to  take  ammonia  [or  carbonate  of  ammonia,  which  usually 
counteracts  its  effects  in  a  short  time.  A  medical  gentleman 
noticed  a  goat  on  his  lawn  eating  laurel  leaves,  after  a  time  the 
goat  fell  down,  evidently  affected  by  the  prussic  acid ;  he  quickly 
administered  smelling  salts,  which  are  mainly  carbonate  of  ammonia, 
and  the  goat  recovered. 

Mr.  John  Murray  of  London  expressed  himself  willing  to  take  a 
poisonous  dose  of  hydrocyanic  acid  if  an  experienced  person  were 
with  him  to  administer  ammonia  as  an  antidote.  There  is  no  doubt 
that  it  has  a  very  rapid  and  beneficial  effect ;  the  ammonia  should 
however  not  be  used  too  strong.  Gold  water  dashed  on  the  head, 
on  the  face,  and  back  of  the  neck,  may  have  the  effect  of  rousing  the 
patient.  Chlorine  has  also  been  used,  and  experiments  on  animals 
made  with  it  seem  to  prove  that  it  acts  beneficially.  Iron  forms 
inert  compounds  with  cyanogen,  it  has  therefore  been  recommended 
as  an  antidote.  When  the  patient  has  been  roused  to  consciousness 
by  ammonia  and  the  cold  douche,  the  best  treatment  seems  to  be  to 
dry  him  carefully,  use  friction,  and  keep  him  warm.  As  soon  as 
possible   emetics   should  be  administered,   and,    if  necessary,   the 
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stomach-pump  may  be  used.  The  detection  of  pmssic  acid  is  easy, 
provided  too  great  a  time  has  not  elapsed  after  death.  The  acid  is 
volatile  and  easily  decomposes^  so  that  after  a  few  days  there  woold 
be  little  hope  of  finding  it,  if  the  quantity  originally  taken  had  been 
small.  Before  describing  the  method  of  detecting  pmssic  acid  in 
organic  mixtures  it  will  be  well  to  give  the  reactions  and  tests  bjr 
which  it  is  discovered  when  it  occurs  without  these  complications. 
With  nitrate  of  silver  hydrocyanic  acid  gives  a  white  precipitate, 
soluble  in  ammonia  but  insoluble  in  ordinary  hydric  nitrate  (nitric 
acid).  Argentic  cyanide  is  however  soluble  in  hot  fuming  hydric 
nitrate ;  in  this  respect  it  differs  from  argentic  chloride,  though  it 
resembles  it  very  much  in  appearance.  When  argentic  chloride 
is  heated  to  a  high  temperature  it  fuses,  but  heat  decomposes 
argentic  cyanide,  cyanogen  being  driven  off  and  metallic  silver 
remaining  behind  in  the  vessel  in  which  it  was  heated.  Now 
argentic  chloride  is  insoluble  in  hydric  nitrate ;  if  therefore  it  be 
heated  with  that  acid  liquid,  after  fusion,  it  is  not  dissolved,  but  the 
residue  of  argentic  cyanide,  after  heating,  is  dissolved,  for  metallic 
silver  is  soluble  in  hydric  nitrate,  argentic  nitrate  being  formed. 
If  the  substance  under  examination  be  potassic  cyanide,  when 
argentic  nitrate  is  dropped  slowly  into  it  a  white  precipitate  is 
formed,  which  is  immediately  dissolved  by  the  excess  of  potassic 
cyanide.  It  is  therefore  necessary  to  decompose  the  potassic 
cyanide,  and  this  is  done  by  adding  hydric  nitrate  in  excess,  potassic 
nitrate  and  hydric  cyanide  being  formed.  Hydric  cyanide  is,  as  has 
been  stated,  very  volatile ;  if  a  few  drops  of  the  solution  containing 
it  be  placed  in  a  small  Berlin  dish,  or  if  a  few  drops  of  potassic 
cyanide  be  taken  and  a  little  hydric  sulphate  be  added,  and  the 
mixture  be  largely  diluted  with  water;  and  then  if  a  glass  plate  be 
moistened  with  argentic  nitrate,  and  be  placed  so  that  the  argentic 
nitrate  is  exposed  to  the  fumes  from  the  liquid  in.  the  dish,  the 
volatile  cyanide  will  form  with  it  argentic  cyanide,  and  a  white 
substance  will  be  seen  on  the  glass  plate ;  this  is  a  very  delicate 
reaction,  and  highly  characteristic  of  prussic  acid,  as  no  other 
substance  will  cause  it  under  the  circumstances. 

With  mercurous  nitrate  hydrocyanic  acid  gave  a  grey  precipitate 
of  metallic  mercury,  whereas  a  soluble  chloride  gives  a  white  precipi- 
tate of  calomel.  A  very  delicate  and  reliable  test  is  that  which  is 
called  the  sulphocyanide  test.  It  is  performed  as  follows :  A  few 
drops  of  the  cyanide  are  put  into  a  Berlin  dish  with  a  small  quantity 
of  yellow  sulphide  of  ammonia,  and  the  mixture  is  evaporated  to 
dryness  in  a  water-bath.     The  dry  residue  is  dissolved  in  alcohol. 
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1  and,  when  a  drop  of  ferric  chloride  is  added,  a  deep  red  coloured  solu- 
£  tion  is  formed,  the  colour  of  which  is  discharged  by  a  solution  of 
r^  corrosive  sublimate.  In  the  first  part  of  the  process  sulphocyanide 
J  of  ammonia  is  formed;  in  the  second  sulphocyanide  of  iron,  which 
£  is  red ;  and  in  the  last  mercuric  cyanide,  which  is  colourless.     The 

well  known  Prussian  blue  test,  as  it  is  termed,  is  not  so  trustworthy 

2  as  the  last,  for  the  presence  of  ammoniacal  salts  in  considerable 
I  quantities  prevents  the  formation  of  Prussian  blue.  If  this  reaction 
J  is  not  obtained  it  does  not  prove  that  prussic  acid  is  not  present ; 
J                but,  if  it  is  obtained,  it  is  a  most  positive  proof  of  the  presence  of 

that  body.  When  yellow  prussiate  of  potash  in  solution  is  mixed 
with  a  salt  of  the  highest  oxide  of  iron,  Prussian  blue  is  precipitated. 
Given  prussic  acid,  it  can  be  converted  into  yellow  prussiate  of  potash 
by  boihng  it  with  caustic  soda  and  protosulphate  of  iron,  the  liquid 
being  alkaline  with  the  soda,  and  care  must  be  taken  not  to  let  it 
more  than  boil.  When  a  liquid  is  submitted  to  this  test,  it  is  usual 
to  make  it  alkaline  with  caustic  soda,  to  add  two  or  three  drops  of 
ferrous  sulphate  to  gently  warm  it  up  to  the  boiling  point,  then  to 
filter  off  the  precipitate  oxide  of  iron,  and  to  add  sufficient  hydric 
chloride  to  make  it  acid,  and  afterwards  a  few  drops  of  ferric 
chloride,  when  the  blue  colour  will  appear.  When  an  organic 
liquid,  supposed  to  contain  prussic  acid,  has  to  be  examined,  the 
first  thing  to  be  done  is  to  submit  a  little  of  it  to  the  silver  test, 
conducted  aa  above  described  in  a  Berlin  dish,  over  which  is  placed 
a  glass  plate  moistened  with  argentic  nitrate,  some  hydric  sulphate 
having  been  added  to  the  liquid.  In  the  next  place,  some  of  the 
substance  to  be  examined  is  mixed  with  hydric  sulphate  and  dis- 
tilled in  a  retort,  and  the  distillate  is  collected  in  water,  and  to  this 
aqueous  solution  the  various  tests,  already  described,  should  be  care- 
fully applied. 

If  prussic  acid  be  present  in  but  small  quantities,  it  will  be  easily 
detected  by  these  means.  Another  and  very  convenient  method  is 
to  strain  off  the  liquid  from  the  solid  part  of  the  organic  mass,  and 
well  wash  it  with  distilled  water,  adding  this  to  the  strained  liquid, 
then  to  add  argentic  nitrate,  which  will  precipitate  the  cyanide,  if 
any  be  present,  along  with  any  soluble  chloride  which  may  happen 
to  be  mixed  with  it.  This  silver  precipitate  should  be  filtered  off 
and  washed  with  distilled  water ;  it  should  then  be  heated  with 
ammonia,  which  will  dissolve  both  the  cyanide  and  chloride  of  silver. 
If  this  ammoniacal  solution  be  neutralized  with  hydric  nitrate,  the 
two  silver  salts  will  be  reprecipitated,  and  if,  after  careful  washing, 
they  are  boiled  with  a  solution  of  caustic  soda  they  will  be  decom- 
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posed^  argentic  oxide  will  be  precipitated,  and  cyanide  and  cUoride 
of  sodium  will  be  in  eolation ;  but  cyanide  of  sodium  or  cyanide  of 
potassium  dissolves  cyunide  or  chloride  of  silver ;  therefore,  if  a  cyanide 
was  present  in  the  original  substance  to  be  tested,  some  of  either  or 
both  of  these  silver  salts  will  be  held  in  solution  by  the  cyanide  of 
sodium.  Now,  if  the  cyanide  of  sodium  be  decomposed  by  hydric 
nitrate,  the  silver  salt  will  be  precipitated.  No  other  substance  but  & 
cyanide  can  give  this  reaction,  and  therefore  it  is  both  delicate  and 
trustworthy. 

Ofiuh  is  a  narcotic  poison ;  it  has  been  often  used  both  by  the 
suicide  and  murderer.   In  1837 — 38,  200  cases  of  poisoning  by  opium 
occurred;  of  these  42  were  by  solid  opium,  133  by  laudanum,  and 
two  were  cases  of  mixed  poisoning  by  laudanum  and  prussic  acid, 
and  laudanum  and  aquafortis,  and  two  were  cases  of  poisoning  by 
acetate  of  morphia.     Of  these  200  cases  64  occurred  in  children, 
and  the  remainder  in  adults ;  and  of  these  64,  41,  or  a  fifth  of  all, 
were  from  overdoses  of  cordials  or  medicines  administered  to  youngs 
children   and  infants   by   their  mothers   or  nurses.*       Opium  ia 
obtained  from  the  capsules  of  the  Papaver  somnifeTum;  they  are 
gashed  and  the  gum  exudes ;  it  is  collected  and  made  into  masses, 
which  are  sent  into  the  market.    The  best  variety  is  genuine  Smyrna 
opium.     Its  preparations,  when  employed  with  skill,  serve  as  most 
useful  medicines,  but  when  taken  in  excessive  doses  they  act  as  a 
deadly  poison. 

Opium,  when  taken  in  large  doses,  produces  giddiness  and  an 
inclination  to  sleep,  stupor  supervenes,  and  the  person  lies  as  if  in  a 
profound  sleep.  He  can  be  easily  brought  to  consciousness  in  the 
earUer  stages  of  the  poison's  action,  but  he  as  soon  relapses  into 
insensibility.  His  breathing  is  slow  and  stertorous  like  that  of  a 
person  in  apoplexy ;  his  countenance  becomes  pale,  his  pulse  slow, 
and  after  a  time  it  is  quite  impossible  to  arouse  him.  Sometimes 
there  is  vomiting,  and  if  this  continue  it  indicates  a  hope  of  recovery. 
In  opium  poisonings  the  pupils  are  generally  contracted.  Generally 
the  symptoms  commence  in  less  than  half  an  hour  after  the  poison 
has  been  taken,  but  sometimes  not  till  an  hour  and  a  half.  Death 
has  occurred  in  three  quarters  of  an  hour,  but  some  persons  have 
lived  for  nearly  twenty- four;  the  usual  time  is  about  nine  or  ten 
hours.  When  the  fatal  termination  is  delayed  beyond  this  time, 
there  is  hope  of  the  patient^s  recovery.  The  best  treatment  to  be 
employed  in  opium  poisoning  is  to  use  the  stomach-pump  at  once, 
and  to  inject  dilute  stimulants,  weak  ammonia,  water,  and  coffee. 

*  «  Foreniio  Medicmo,"  Dr.  Gaj,  page  489. 
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Emetics  may  be  used  freely^  warm  water  should  be  giveu^  and 
the  throat  tickled.  This  may  be  done  before  the  arrival  of  medical 
assistance.  The  patient  should  not  be  allowed  to  sleep^  but  should 
be  kept  awake  by  shaking,  walking  about,  pinching,  or  in  any  way 
which  may  suggest  itself.  Gold  water  should  be  dashed  on  the  head 
and  face,  and  the  soles  of  the  feet  tickled,  the  great  object  being  to 
prevent  stupor  coming  on.  No  part  of  the  treatment  is  more  im- 
portant than  this,  for  if  lethargy  be  prevented  there  is  good  hope  of 
recovery.  Galvanism  is  sometimes  resorted  to.  If  the  patient  is 
sinking  into  the  state  of  collapse^  ammonia  should  be  given,  and 
ammonia  salts  held  to  the  nose.  Sometimes  in  this  state  artificial 
respiration  is  found  to  be  useful.  Post-mortem,  the  blood-vessels  of 
the  brain  are  found  to  be  tinged,  the  blood  is  fluid,  the  stomach 
appears  healthy,  the  skin  is  livid,  and  the  lungs  congested.  The 
quantity  of  opium  necessary  to  cause  death  varies ;  a  man  aged 
forty-five  was  killed  by  taking  ten  grains.  The  smallest  fatal  dose 
recorded  for  an  adult  is  four  and  a  half  grains.  Much,  however, 
depends  on  constitution  and  previous  habits.  Those  accustomed  to 
take  this  drug  may  swallow  as  much  as  several  ounces.  Children 
are  very  easily  affected  by  opium ;  a  sixth  and  even  an  eighth  of  a 
grain  has  caused  death  in  an  in&nt  four  days  old. 

There  are  many  substances,  termed  alkaloids,  contained  in  opium, 
but  our  space  will  not  allow  us  to  consider  more  than  one,  and  that 
the  most  important  of  them — ^it  is  called  Morphia.  Morphia  is  used 
in  medicine  as  the  acetate  and  as  the  hydrochlorate.  Morphia  is  a 
whitish  powder,  not  soluble,  or  very  slightly  soluble,  in  water.  It 
also  occurs  in  crystals.  When  heated  it  bums  with  a  resinous  flame, 
and  it  yields  ammonia.  Morphia  dissolves  in  ether,  and  also  more 
readily  in  alcohol.  It  is  soluble  in  acids,  and  is  precipitated  by 
caustic  alkalies,  but  is  redissolved  by  excess  of  them.  It  has  a  bitter 
taste.  When  it  is  desired  to  discover  if  opium  be  present  in  organio 
mixtures,  it  is  usual  to  test  for  morphia  and  for  an  acid  which  is 
contained  in  opium,  called  meconic  acid,  and  with  which  it  is  com- 
bined as  meconate  of  morphia.  The  tests  for  morphia  are  few  in 
number ;  they  are  all  colour  tests,  and  on  that  account  must  be  per- 
formed with  care  and  by  practised  experimenters.  The  solution 
containing  morphia  should  be  evaporated  to  dryness  on  a  water-bath, 
and  the  test  apphed  to  the  dry  substance.  The  perchloride  of  iron, 
when  added  to  crystals  of  morphia,  yields  a  blue  colour,  not  bright, 
but  rather  dark  and  dull,  resembling  indigo.  In  a  short  time  this 
blue  changes  to  green.  Hydric  nitrate  causes  a  deep  yellow  colour 
with  this  substance ;  the  colour  often  approaches  to  orange.     K  some 
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crystals  of  iodic  acid  be  dissolved  in  water^  and  be  mixed  witb  starch 
boiled  in  water^  and  then  if  a  crystal  of  morphia  be  dropped  in^ 
aronnd  the  crystal  a  blue  colour  will  appear^  the  morphia  reduces 
the  iodic  acid^  setting  iodine  &ee^  which  causes  the  blue  colour.  If 
this  test  be  performed  improperly,  the  blue  colour  will  not  be  ob- 
tained; if  the  morphia  and  iodic  acid  be  mixed  firsts  a  yellow  colour 
will  be  produced ;  but  this  is  evidently  not  free  iodine^  as  it  does 
not  change  the  colour  of  the  starch.  There  is  still  one  other  test 
which  is  sometimes  used^  though  it  is  not  a  reliable  one,  as  other 
substances  besides  morphia  produce  the  same  effect ;  it  is  performed 
by  adding  strong  hydric  sulphate  to  crystals  of  morphia^  and  then  a 
small  quantity  of  a  solution  of  bichromate  of  potash^  the  morphia 
reduces  the  chromic  add  of  the  bichromate  to  the  chromic  oxide^  and 
in  doing  so  produces^  first  a  brown,  and  then  a  green  colour.  The 
whole  of  these  reactions,  taken  together,  give  very  good  proof  of  the 
presence  of  morphia.  Meconic  acid  is  a  crystalhne  substance;  the 
crystals  are  white,  with  a  reddish  tinge ;  it  is  soluble  in  water. 

There  is  but  one  test  for  meconic  acid,  and  it  is  a  good  one.  The 
perchloride  of  iron  gives  a  deep  red  colour  with  meconic  acid ;  but 
it  does  so  with  a  sulphocyanide,  as  was  seen  in  testing  for  prussic 
acid.  But  the  colour  got  by  the  sulphocyanide  is  discharged  by  a 
solution  of  corrosive  sublimate^  whereas  that  obtained  with  meconio 
acid  is  not ;  it  is,  however,  destroyed  by  a  solution  of  protochloride 
of  tin.  When  morphia  and  meconic  acid  are  found  to  be  present  in 
a  liquid,  there  can  be  no  doubt  that  it  contained  opium,  unless,  as  is 
not  likely  to  happen  in  a  case  of  poisoning,  they  were  specially  put 
in  by  some  one  who  was  aware  of  their  properties.  In  organic 
mixtures  containing  opium  it  is  necessary  to  separate  the  morphia 
from  the  meconic  acid,  and  this  is  done  as  follows :  Acidulate  the 
mixture  with  dilute  hydric  chloride,  and  allow  it  to  stand  for  some 
days ;  then  filter  and  evaporate  the  solution,  add  plumbic  acetate, 
and  it  will  carry  down  the  meconic  acid  as  meconate  of  lead.  This 
should  be  filtered  off  from  the  liquid,  which  should  be  kept,  and 
then  suspended  in  distilled  water,  through  which  sulphuretted 
hydrogen  should  be  passed,  sulphide  of  lead  will  be  thrown  down, 
and  meconic  acid  will  remain  in  solution.  The  morphia,  as  acetate, 
is  obtained  by  first  precipitating  from  the  filtrate  the  excess  of  lead 
by  means  of  sulphuretted  hydrogen,  then  filtering  off  the  lead 
sulphide,  and  evaporating  and  treating  with  alcohol,  which  dissolves 
the  acetate  of  morphia  which  can  be  obtained  by  crystallization  from 
its  alcohoUc  solation. 

It  has  been  the  intention  of  the  author  in  these  articles  to  give 
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an  idea  of  the  action  of  those  poisons  best  known  to  the  general 
reader^  as  well  as  to  show  the  methods  adopted  for  discovering  iheir 
presence.  The  chemical  reactions  of  the  yarions  metals  treated  of 
have  been  stated  pretty  fully,  as  being  more  likely  to  interest  and 
instruct  the  readers  of  The  Student.  It  is  not  to  be  expected  that 
all  will  be  interested  in  such  a  subject,  but  it  is  hoped  that  what  has 
been  said  will  lead  some  to  follow  it  up,  if  not  from  the  medical,  at 
least  from  the  chemical  point  of  view. 


THB  STATE  OF  SCIENCE  IN  ENGLAND. 

Ip  the  upper  and  middle  classes  of  England  were  polled  upon  the 
question  of  the  importance  of  a  study  of  science  in  this  country, 
an  almost  unanimous  affirmative  would  be  recorded.  Perhaps  at 
no  time  has  there  been  so  general  an  opinion  that  our  industrial 
prosperity  depends  upon  a  knowledge  of  natural  laws,  and  thus 
we  have  arrived  at  something  like  a  national  conviction  that  science 
may  be  made  to  pay.  This  frame  of  mind  is  very  different  from, 
and  very  much  lower  than,  a  love  of  science  for  the  sake  of  truth, 
and  as  an  aid  to  intellectual  development.  It  tends  to  a  certain 
demand  for  science  teaching  of  a  concrete  kind — that  is  brought 
into  direct  contact  with  commercial  or  industrial  life.  The  ''  techni- 
cal education  ^^  cry  is  an  illustration  of  this  fact,  and  we  commented 
upon  it  some  time  ago,  showing  the  absurdity  of  tradesmen  and 
manufacturers  asking  professors  to  teach  their  boys  those  bits  of 
chemistry,  botany,  etc.,  which  would  give  their  services  a  com- 
mercial value  as  soon  as  they  left  school.  The  peculiar  prejudice  of 
the  uncultivated  rich  and  the  ignorant  poor  in  this  country,  in  favour 
of  what  they  call  '^  practice,'^  as  better  than  what  they  call ''  theory,^' 
is  exemplified  in  this  demand ;  and  it  is  only  by  slow  process  and  with 
difficulty  that,  by  the  force  of  circumstances  and  by  timely  admoni- 
tion, the  value  of  pure  science  can  be  made  known.  We  are  glad 
to  see  that  Professor  Williamson,  in  an  Inaugural  Lecture,  delivered 
at  University  College  in  October,  and  which  he  calls  a  ^'  Plea  for 
Pure  Science,'^  has  taken  up  this  important  question,  and  placed  it 
in  a  distinct  light.  Alluding  to  the  two  parties  advocating  science 
teaching,  the  so-called  "  practical  '^  and  the  philosophical,  he  says : — 
"  One  party  looks  to  the  special  duties  for  which  a  young  person 
has  to  be  prepared,  and  the  material  difficulties  which  he  is  expected 
to  encounter.     They  see  that  the  success  and  happiness  of  each 
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individual  are  proportional  to  the  efficiency  with  which  he  discharges 
the  aggregate  of  the  special  duties  of  his  station  in  life ;  and  they 
accordingly  recommend  that  each  youth  be  placed  in  circumstances 
which  may  induce  him  to  imitate  accurately  the  doings  of  some  one 
who  is  known  to  be  successful  in  a  station  such  as  he  is  intended  to 
occupy.  The  other  party  looks  to  the  general  qualifications  which 
experience  has  shown  to  be  most  important  for  any  success  in  life, 
and  to  the  means  by  which  they  are  most  effectually  acquired.  They 
see  that  men  who  have  been  taught  to  understand  and  apply  the 
best-known  general  principles,  are  able  to  master  a  given  set  of 
practical  details  with  a  facility  and  completeness  which  other  men 
do  not  attain.  They  know  that  a  general  principle  of  nature  is  an 
instrument  of  thought  applicable  to  the  explanation  of  an  infinite 
variety  of  phenomena,  and  they  recommend  that  every  one  be 
placed  in  his  youth  somewhere  where  he  may  best  learn  such 
general  principles.  The  first  party  takes  little  account  of  the 
development  of  the  mental  powers  as  a  distinct  object  to  be  aimed 
at  in  education,  the  second  attends  but  Httle  to  special  business 
operations. 

*'  The  former  recommends  special  or  technical  instruction  with  a 
direct  view  to  material  success  in  a  particular  business,  the  direct 
aim  of  the  latter  is  to  educate  and  strengthen  each  individual  mind. 
The  essential  differences  between  them  arise  from  the  fact  that  they 
look  at  the  question  from  opposite  sides,  and  respectively  put  forward 
what  they  see  most  clearly.  But  those  who  go  into  the  question 
from  the  practical  point  of  view,  soon  come  to  see  the  necessity  of 
some  scientific  knowledge,  and  those  who  go  into  it  from  the  side  of 
theory  gradually  come  to  practical  considerations.  What  is  wanted 
is  a  system  satisfying  the  requirements  of  both  parties. 

"  A  purely  practical  apprenticeship  or  pupilage  does  lead  a  man  to 
desire,  and  to  some  extent  to  obtain,  a  knowledge  of  scientific 
principles.  He  cannot  get  on  in  his  practical  operations  without 
some  such  knowledge,  and  he  manages  to  pick  up  bits  of  it  in  pro- 
portion as  the  want  of  them  is  urgently  felt,  gradually  increasing  his 
store  of  general  knowledge  in  after  life. 

''On  the  other  hand,  those  who  have  received  instruction  in 
general  principles,  accompanied  by  practice  in  the  methods  of  their 
application  to  simple  cases,  have  ample  opportunities  during  their 
special  pursuits  in  after  life,  for  learning  all  the  particulars  of  a 
business^  and  for  improving  its  details. 

''The  special  men  leave  to  chance  the  acquisition  of  scientific 
knowledge,  and  the  training  of  the  mind.     The  men  of  science  do 
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not  take  cognizance  of  the  special  conditions  requisite  for  realizing 
success  in  each  business.  They  observe  and  compare  the  means  by 
which  men  attain  the  utmost  usefulness  in  their  practical  pursuits, 
and  perceive  that  the  very  great  majority  of  such  men  have  got 
certain  habits  of  mind  in  common  with  one  another,  habits  of  mind 
which  enable  them  to  understand  and  control  natural  processes,  in 
proportion  as  they  become  accurately  and  fully  acquainted  with  the 
particulars  of  the  processes  in  question. 

"  Men  of  detail  do  not  sufficiently  appreciate  the  value  and  useful- 
ness of  ideas,  or  of  general  principles ;  and  men  of  science,  who 
learn  to  understand  and  control  things  more  and  more  by  the  aid  of 
the  laws  of  nature,  are  apt  to  expect  that  all  improvements  will  result 
from  the  development  and  extension  of  their  scientific  methods  of 
research,  and  not  to  do  justice  to  the  empirical  considerations  of 
practical  expediency  which  are  so  essential  to  the  realization  of 
industrial  success  in  the  imperfect  state  of  our  scientific  know- 
ledge.^' 

In  this  passage  we  find  a  fair  statement  of  the  facts  of  the  case, 
coupled  with  the  willingness  on  the  part  of  this  particular  professor, 
which  others  share  with  him,  to  meet  the  .''practical  view,^'  so 
far  as  concurrent  with  any  scientific  teaching  really  to  be  so-called. 
No  set  of  people  have  such  a  narrow  and  incomplete  view  of  what  is 
''practical,''  as  the  "  practical  men/^  To  their  minds,  that  alone  is 
practical  which  is  put  into  serviceable  and  remunerative  practice  to- 
day ;  they  have  little  thought  for  the  morrow.  "  Sufficient  for  the 
day  is  the  competition  thereof,''  is  their  motto ;  and  they  do  not 
perceive  in  the  abstract  ideas  of  one  period  the  motive  power  which 
will  control  the  daily  work  of  a  succeeding  time. 

An  accurate  survey  of  pure  science  would  show  that  chance 
discoveries  of  importance  are  less  likely  to  happen  in  the  future  than 
they  were  in  the  past.  In  many  directions  all  such  discoveries  have 
already  been  made,  and  the  next  steps  are  only  likely  to  be  taken 
by  those  who  have  a  distinct  notion  of  what  they  are  about,  and  who 
are  well  acquainted  with  the  reasonings  as  well  as  with  the  facts  at 
which  their  predecessors  have  arrived.  If  an  inquirer  skilfully 
pursues  a  line  of  thought,  or  a  fertile  suggestion,  he  is  very  likely 
to  arrive  at  some  result  he  did  not  anticipate,  or  which  contradicts 
his  expectations;  but  such  discoveries  are  not  properly  chance 
incidents  :  they  are  part  of  the  natural  reward  of  pursuing  a  subject 
in  a  truly  logical  and  intellectual  spirit,  and  for  the  most  part  the 
merely  practical  man  would  not  understand  their  indications  when 
they  occurred  before  his  eyes. 
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Professor  Williamson  judiciously  says,  in  reference  to  the  e£Forts 
of  imperfectly  educated  men  to  make  new  applications  of  science  :-^ 

^'It  would  be  a  cruel  deception  to  encourage  such  attempts. 
Many  of  them,  however,  do  manage  by  their  individual  exertions  to 
acquire  some  knowledge  of  scientific  principles,  and  to  get  a  part  of 
what  they  want  under  peculiarly  difficult  and  unfavourable  con- 
ditions. 

''But  although  a  considerable  amount  of  good  and  useful  work  is 
done  by  men  whose  intellectual  excellences  consist  mainly  in  the 
habit  of  vigorously  applying  to  a  particular  practical  purpose  a 
limited  stock  of  ideas  which  they  find  near  at  hand,  there  are  other 
qualities  and  powers  which  make  themselves  felt,  and  which  accord- 
ingly claim  our  attention. 

"There  are  men  capable  of  modifying  a  system  when  new  circum- 
stances arise- -of  making  arrangements  to  meet  new  wants  in  pro- 
portion as  they  are  felt — and  even  of  anticipating  wants  by  devising 
new  products,  or  better  kinds  of  an  old  product. 

"  There  are  men  also  who  penetrate  beyond  the  knowledge  given 
to  them  of  the  process  of  a  manufacture,  who  make  new  observa- 
tions and  experiments  relating  to  them,  and  who  bring  to  bear  on 
them  knowledge  acquired  in  other  fields  of  work,  or  inventions 
which  had  been  made  for  other  purposes.  The  result  of  their 
influence  is,  that  any  manufacturer  who  keeps  to  his  old  system 
without  gradual  improvement,  soon  gets  left  behind.  He  may  not 
realize  this  result  for  a  while,  but  it  never  fails  to  show  itself  in 
time.'' 

Part  of  the  dislike  which  the  ordinary  middle  class  man  has  to 
pure  science  or  to  anything  he  calls  "  theoretical,'*  arises  from  the 
circumstance  that  boys  whose  tastes  and  mental  habits  run  strongly 
in  favour  of  abstract  truths  of  any  kind,  are  seldom  good  for  much 
in  the  factory  or  the  counting-house,  and  each  parent  fears  that  his 
son  may,  by  becoming  a  philosopher,  be  unfitted  for  work.  A  wider 
knowledge  of  the  mental  characteristics  of  our  nation  would  lessen 
such  fears.  In  the  great  majority  of  cases  in  which  science  is 
pursued,  it  will  be  found  that  the  instinct  to  be  practical  prevails 
over  any  desire  to  be  merely  theoretical,  and  our  social  difficulty, 
with  regard  to  science,  is  not  that  we  have  too  many,  but  too  few, 
who  are  willing  to  study  it  for  its  own  sake,  apart  from  its  bearings 
on  daily  life.  The  really  practical  man  could  use  more  serviceable 
theory  than  the  pure  science  man  can  evolve;  and,  if  any  class 
requires  artificial  cultivation  for  the  benefit  of  the  rest,  it  is  that  to 
which  the  man  of  pure  science  belongs.    In  the  great  majority  of 


THE  STATB  OF  SCIBHCB  IK  ENQLANJD.  525 

cases  scientific  training  does  not  give  yoong  men  a  distaste  for 
practical  life^  though  it  certainly  does  make  them  dislike  particular 
forms  of  it^  conducted  upon  old  habits  and  without  thoughtful 
intelligence.  The  scientifically  trained  youth  will  not,  if  he  can 
help  it,  go  into  an  occupation  where  his  knowledge  is  of  no  use,  and 
in  this  he  is  quite  right ;  but  as  one  trade  and  manufacture  after 
another  rises  in  the  character  of  its  processes,  his  willingness  to 
work  in  them  is  increased. 

The  nation  has  come  naturally  to  a  theoretical  conclusion — 
that  science  should  be  generally  taught;  but  are  we  really  making 
any  correspondiog  progress  in-  getting  it  taught?  This  ques- 
tion certainly  cannot  be  simply  answered  in  the  affirmative,  and 
on  the  whole  we  fear  we  must  admit,  after  due  examination  of  the 
indications,  that  if  the  progress  exceeds  or  equals  the  increase 
of  population,  it  is  still  extremely  slow.  A  short  paragraph  would 
contain  the  names  of  all  the  institutions  in  the  three  kingdoms  that 
put  forth  a  programme  of  scientific  lectures  of  any  real  use,  and  in 
the  great  majority  of  even  ^large  towns  no  such  thing  is  ever 
attempted.  A  single  lecture  on  a  scientific  subject  with  a  popular 
title,  interpolated  between  comic  recitation  and  an ''  oration  '*  on  some 
historico-political  character,  is  all  that  nineteen-twentieths  of  our 
Literary  and  Scientific  Institutions  can  venture  upon.  Artistic 
drawing  fares  better ;  and  where  the  teacher  is  good,  it  is  not  un- 
common to  find  the  number  of  pupils  large. 

Of  late  years.  Field  Naturalists^  Clubs  and  Microscopical  Societies 
have  multiplied,  and  must  be  doing  good;  but  a  very  small  portion 
of  the  members  of  such  bodies  ever  dip  below  the  surface,  and 
most  content  themselves  with  learning  the  names  of  objects  from 
somebody  else,  and  examining  them  in  an  imscientific  way.  If  we 
take  another  test  of  the  progress  of  science,  and  inquire  how  many 
well-to-do  families  possess  any  scientific  apparatus,  and  know  how 
to  use  it,  we  shall  again  be  convinced  that  the  taste  for  science  is 
very  sparsely  spread.  A  good  deal  has  been  done  to  link  together 
science  and  recreation,  but  the  capacity  to  be  recreated  by  science 
is  cultivated  to  a  very  slender  extent.  Anybody  can  be  occasionally 
amused  by  a  brilliant  experiment,  or  by  gazing  through  a  micro- 
scope at  a  splendid  object,  or  through  a  telescope  at  a  grand  group 
of  stars ;  but  the  recreation  obtainable  from  science  by  those  who 
have  never  studied  the  elements  of  a  single  branch,  soon  comes  to 
an  end.  Some  books  and  some  teachers  make  the  road  to  know- 
ledge much  easier  than  others,  but  in  spite  of  all  help,  no  one  can 
learn  to  think,  in  a  scientific  way,  without  undergoing  a  considerable 
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amonnt  of  preliminaiy  toil,  and  very  few  will  take  the  pains.   There 
is  mach  in  our  social  life  that  is  unfavouTable  to  mental  CDltivation  ; 
oar  prodigious  iiyeqnalities  of  wealth  leave  a  mass  too  poor  for 
anything  but  daily  dmdgery,  and  elevate  a  certain  class,   wiio, 
unhappily,  serve  as  models  for  those  below  them,  into  habits    of 
loxariouB  idleness  with  which  science  has  not  the  slightest  affinity. 
A  man,  who  by  force  of  genius  and  years  of  toil,  arrives  at  the  head 
of  a  department  of  science,  is  held  in  some  honour,  but  very  con- 
siderable attainments  in  science  have  a  smaller  action  in  securing* 
respect  than  the  acquisition  of  a  sum  of  money  by  questionable 
means.      Our  scientific  men,  unless  forced   into  prominence   by 
special  circumstances,  are  quiet,  silent  students,  who  exert  little 
influence  upon  surrounding  circles,  and  have  few  opportunities  of 
spreading  their  tastes.     This  state  of  things  cannot  continue  with- 
out imperilling  our  position  amongst  the  nations,  and  the  first  people 
which  materially  surpasses  us  in  average  scientific  culture,  will  take 
the  lead  and  leave  us  behind.    With  our  practical  character,  whicb^ 
when  misdirected,  does  so  much  harm,  it  is  only  necessary  to  get  a 
subject  of  public  importance  well  understood  to  ensure  efforts  in  the 
right  direction,  and  if  those  who  influence  the  movements  of  society 
can  be  made  to  see  our  defects  and  deficiencies,  we  shall  not  have  to 
wait  long  for  exertions  of  a  remedial  kind. 


OPTICAL  PROPERTIES  OP  CHLOROPHYLL.* 

The  green  matter  of  leaves^  or  chlorophyll,  possesses  the  most  varied 
properties,  and  is  the  cause  of  a  very  great  number  of  phenomena. 
Some  of  these  are  not  well  understood,  and  offer  an  attractive  and 
fertile  subject  of  investigation.  M.  Hagenbach  has  considered  chlo- 
rophyll solely  as  relates  to  its  optical  properties.  These  pro- 
perties "^are  shown  in  two  characteristic  forms — (1)  fiuoreacence,  by 
which  the  incident  rays  are  transformed  into  rays  of  less  refrangibility ; 
and  (2)  absorption,  by  which  one  portion  of  the  rays  transmitted 
through  chlorophyll  are  absorbed  and  disappear.  M.  Hagenbach's 
work,  according  to  his  own  statement,  only  relates  to  the  practical 
results  of  his  observations,  and  he  intends,  after  having  studied  in 
succession  different  fluorescent  bodies,  to  compare  them  with  each 

*  From  "  Archires  des  Scienoes."     Beview  of  "  XJntenaohnngen  nber  der  Op- 
liscber,"  etc.    Ed.  Hagenbaeh. 
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k  other^   aoid    to    deduce  from  them  some  special  theoretical  con- 


K 


eiderations. 

^  M.  Hagenbach  has  studied  the  phenomena  of  fluorescence  by 

i  projecting  the  solar  spectrum  on  the  surface  of  a  vessel  filled  with  an 
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alcoholic  or  etherial  solution  of  dilorophyll.  All  the  different  parts 
deviate  from  their  first  direction^  so  as  to  appear  red^  but  the  tint  is 
not  uniform  throughout  the  whole  length  of  the  spectrum;  he 
readily  observes  in  it  some  bands  of  a  lighter  tint.  These  bands^ 
seven  in  number,  differing  in  breadth  and  intensity,  represent  the 
maxima  of  the  fluorescent  action.  Their  position  is  perfectly  fixed 
and  determined  by  their  relation  to  the  Frauenhofer  Hues. 

The  absorption  spectrum  is  obtained  by  direct  observation  of  the 
green  solution  with  the  spectroscope,  and  it  exhibits  a  numerous 
series  of  bands  intersecting  the  bright  portions.  These  last  are 
reduced  to  the  left  of  line  B  to  two  bright  bands  between  G  and 
D,  and  a  broader  band  between  D  and  £,  and  a  similar  broad  band 
between  E  and  F.  The  spectrum,  thus  divided,  exhibits  seven 
absorption  bands  plainly  visible,  and  corresponding  with  the  seven 
maxima  of  fluorescence.  The  relation  between  the  two  phenomena 
is,  according  to  M.  Hagenbach,  very  evident.  The  absorption  bands 
are  due  to  fluorescence,  which  cause  the  rays  to  deviate  from  their 
normal  routes,  and  gives  them  a  different  tint.  The  optical  qualities 
of  chlorophyll  do  not  seem  to  be  influenced  by  the  source  from 
whence  it  is  derived :  whatever  may  be  the  plant,  the  phenomena  are 
the  same;  but  the  properties  of  the  chlorophyll  are  somewhat 
modified  in  a  solution  which  has  been  kept  for  some  time,  even  when 
it  has  been  carefully  secluded  from  the  light. 


GLACIAL  MARKS  NEAR  FONTAINEBLEAU. 

BY   M.   B.    COLLOMB.* 

Ths  plateau  of  Brie  may  be  represented  by  the  space  comprised 
within  a  triangle,  one  side  of  which  is  a  Hue  of  55  kilometres  drawn 
from  Paris  to  Fontainebleau,  another  of  80  kilometres  from  the 
latter  place  to  Montmirail,  and  the  third  of  80  kilometres  from 
Montmirail  to  Paris ;  the  whole  surface  being  about  2000  square 
kilometres.  This  plateau  is  composed  of  a  series  of  level  plains,  in 
which  rivers  have  dug  valleys,  whose  mean  breadth  scarcely  exceeds 
a  few  kilometres.    Thus,  in  the  west  we  find  the  Esaonne,  the  Seine, 

*  From  the  **  Arch,  dea  Scianoes.*' 
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the  Yerres,  the  Great  Morin,  the  Little  Morin^  and  the  Mame — ^the 
two  last  bounding  the  basin  to  the  north.  These  waters  flow  about 
40  metres  below  the  level  of  the  platean. 

The  plateau  is  sarmoanted  by  knolls  and  hills^  which  vary  its 
monotony,  and  rise  sometimes  in  isolation  in  the  middle  of  the  Tvide 
plains,  above  which  they  are  elevated  only  about  140  to  150  metres. 
The  rivers  have  a  mean  altitude  of  40  metres,  the  plateau  of  80 
metres,  and  the  hills  150,  being  the  highest  points  of  the  district. 
The  general  slope  of  the  soil  is  slight,  though  the  Seine  at  Fon- 
tainebleau  is  42  metres  (above  the  sea),  at  Paris  SO.     On  the  north 
the  slope  of  the  plateau  is  not  so  great.     All  the  rivers  have  a 
general  tendency  to  the  north-west,  and  the  farrows  and  abrasions  of 
the  quartemary  period  follow  the  same  direction.     These  denuda- 
tions may  be  traced  beyond  the  plateau,  passing  Paris,  and  extend- 
ing to  the  sea,  passing  by  the  country  of  Bray. 

The  geological  character  of  this  plateau  is  well  known.  The 
upper  chalk  which  forms  the  base  of  the  Paris  basin  is  not  visible 
in  any  part  of  it,  and  the  tertiary  series  is  not  complete — ^its  inferior 
members,  the  plastic  clay,  the  calcaire  grassier,  and  the  Beauchamp 
sand,  being  wanting.  In  the  deposits  from  the  denudations  we  find 
the  workings  from  the  lacustrin  chalk  of  St.  Ouen,  surmounted  by 
the  green  marls  of  Montmartre,  and  the  plateau  itself  is  formed 
exclusively  of  the  chalk  or  travertin  of  Brie,  covered  thickly  with 
alluvium,  and  forming  a  first-class  agricultural  soil.  The  isolated 
hills  are  of  the  sandstone  or  sand  of  Fontainebleau,  in  general  the 
sandstone  forming  the  cap  of  the  hill  and  the  sand  its  base.  Above 
the  Fontainebleau  sandstone,  which  is  exclusively  marine,  there  is 
a  final  deposit,  the  chalk,  or  meuliere  Idcustre  of  Beauce,  which  in 
this  district  is  only  found  in  strips,  and  it  is  only  southwards,  near 
Orleans,  that  it  is  well  developed.  All  these  deposits  are  in  a  hori- 
zontal position,  and  up  to  the  present  time  no  faults  or  dislocations 
have  been  discovered. 

On  one  of  the  sandstone  hills  we  saw  surfaces  moutonnSes, 
and  striated  exactly  as  is  shown  where  ancient  glaciers  have  left 
their  traces.  These  stri89  were  first  observed  by  MM.  Belgrand  and 
Jacquot,  engineers,  visiting  the  works  executed  qr  this  plateau  to 
conduct  the  water  of  the  Vaune  to  Paris,  and  they  appeared  so 
inexplicable  to  these  philosophers  that,  after  having  communicated 
the  fact  to  the  Geological  Society  on  the  4th  of  April,  1870, 
M.  Belgrand  persuaded  his  colleagues  to  visit  the  spot,  to  observe 
and  confirm  or  confute  the  existence  of  glacial  strias  in  the  neigh- 
bourhood of  Paris.    The  place  we  visited  is  named  Padoe,  and  is 
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*■  14  kilometres  south  of  Corbeil,  and  8  west  of  La  Pert^-Aleps.     It 

'  is  a  sand  hill^  132  metres  in  elevation^  composed  of  sand  and  Fon- 

tainebleaa  sandstone^  the  sand  occnpying  the  lower  position^  and  the 
?  sandstone  making  a  cap  sarmounted  by  strips  of  the  Oalcaire  de  la 

'^  Beauce,  all  resting  on  the  travertin  of  Brie,  79  metres  high  ifrom  the 

^  foot  of  the  hill.     Its  height  above  the  plain  is  thus  53  metres.     The 

summit  of  the  hill,  sensibly  horizontal,  has  an  undulating,  and  one 
^  might  say  moutonnee  character,  such  as  Saussure  observed  in  the 

^  Alps.     The  surface  is  stripped  of  its  covering  of  turf,  peat  {terre  de 

I  hmyh'e),  or  red  alluvium,  for  a  space  of  50  or  60  metres,  where  the 

»  workmen  quarry  the  sandstone.     This  surface,  without  examining  it 

t-  with  great  attention,  is  seen  to  be  furrowed  with  numerous  parallel 

t  strias,  sometimes  close  to  each  other,  and  sometimes  several  centi- 

i  metres  apart.     This  length  often  exceeds  50  or  60  centimetres,  but 

is  sometimes  less,  and  always  follows  exactly  the  undulations  of  the 
i  surface,  exactly  like  the  striea  observed  on  rocks  scratched  by  glaciers. 

I  When  this  sandstone  is  traversed  by  fissures  the  striaB  are  sharply 

interrupted  at  tfie  edge  of  the  gap,  and  resume  their  normal  direc- 
tion as  soon  as  it  is  passed,  and  when  it  is  covered  by  the  lacustrine 
chalk  they  disappear.  Their  mean  direction  is  towards  the  north- 
west, so  that  the  motive  force  producing  them  must  have  acted  from 
S.S.W.  to  N.N.B. 

Another  example  may  be  seen  at  three  kilometres  from  Fontaine- 
bleau  on  another  sandstone  hill  belonging  to  the  same  mass  by  the 
village  of  Champceuil.  On  exploring  an  old  and  abandoned  quarry, 
we  noticed  on  the  top  of  the  escarpment  forming  its  margin  a  series  of 
strias  similar  to  those  just  described.  The  sandstone  forms  there  a 
little  denuded  plateau,  almost  horizontal,  but  slightly  undulated  like 
the  last ;  and  on  the  south  side  it  bends  abruptly,  and  on  a  steep 
footway  {couloir)  narrowing  towards  the  bottom,  and  widening 
upwards,  the  striea  are  sharply  defined.  They  ascend  up  the  walls  of 
the  path,  and  open  fan-like  towards  the  top  of  the  escarpment.  The 
direction  of  these  striae  is  towards  the  north-east. 

Thus  we  noticed  the  appearances  at  two  points,  but  the  workmen 
of  M.  Belgrand  engaged  on  the  aqueduct  of  the  Vanne,  tell  us  that 
they  are  found  on  a  great  number  of  hills  in  the  forest  of  Fontaine- 
bleau  and  its  environs,  and  MM.  Julien  and  Roujou  having  made  a 
fresh  exploration  of  neighbouring  localities,  have  discovered  similar 
markings  at  many  places. 

Geologists  who  have  observed  striated  rocks  in  the  Alps  will  not 
see  any  sensible  difference  between  those  and  these,  and,  in  my 
opinion,  only  glaciers  could  produce  such  phenomena ;  but  if  glaciers 

VOL.    I. — N.S. — NO.   V.  MM 
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did  exist  in  this  part  of  France,  where  are  their  moraines?  The 
reply  is  easy.  On  such  a  glacier  there  could  neither  be  superficial 
nor  frontal  moraines ;  it  could  only  drag  along  with  it  a  bottoni 
moraine,  a  deep  one.  Median  and  lateral  moraines  only  exist  on 
glaciers  which  are  dominated  by  lofty  peaks ;  such  deposits  are  only 
formed  by  the  concussions  and  rubbings  of  the  glacier  on  the  walls 
which  shut  it  in.  Here  the  local  configuration  is  opposed  to  such 
action,  and  no  part  of  the  glacier  was  encased.  If  we  prolong  the 
line  of  the  direction  of  the  strisB  towards  the  south-west,  it  passes 
by  Orleans,  Poictiers,  etc.,  and  in  no  part  meets  high  mountains. 
There  is  then  no  cause  for  astonishment  that  we  do  not  find  morianes, 
for  if  we  take  into  account  the  relief  of  the  soil,  they  could  only 
exist  in  exceptional  cases.  That  if  superficial  moraines  did  not  exist, 
deep  moraines  could  nevertheless  displace  and  transport  considerable 
masses  of  materials,  without  giving  them  that  definite  form  of  dyke 
or  barrier  that  is  ordinarily  called  a  moraine. 

I  may  add  that  the  striated  cakes,  which  have  been  called  the 
characteristic  fossils  of  glaciers,  are  not  rare  in  the  deposits  of  trans* 
ported  matter,  in  the  drift  of  the  valleys  and  plateau,  and  they  are 
specially  found  in  the  diluvium  of  Montreuil,  where  M.  Belgrand  dis- 
covered a  great  many  quaternary  mammals. 

The  direction  of  the  striae  does  not  correspond  with  the  phenomena 
that  fashioned  the  actual  relief  of  the  country ;  the  rivers,  valleys, 
and  denudations  of  the  plateau  of  Brie  have  a  mean  direction  towards 
the  north-west,  and  the  striae  run  to  the  north-east  in  a  direction 
almost  perpendicular,  firom  which  we  may  conclude  that  the  valleys 
did  not  exist  when  the  striae  were  produced,  because  glaciers,  what- 
ever may  be  the  folrm,  move  in  accordance  with  the  relief  of  the 
island ;  they  flow  like  rivers,  following  an  existing  valley  way.  If 
the  valleys  of  the  Seine,  the  Essonnes,  etc.,  had  existed  at  this  period, 
the  glaciers  would  naturally  have  taken  a  north-western  direction. 
The  relief  was  different  from  what  it  is  now,  and  their  data  thus 
goes  back  to  the  commencement  of  the  quaternary  epoch,  or  perhaps 
to  the  end  of  the  pliocene. 
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THE  POISON  OP   THE  SCORPION. 

B7  H.  JOU88ET.* 

The  scorpion  bas  at  all  times  excited  the  cariosity  of  naturalists. 
Sufficiently  common  in  the  south  of  Europe,  where  its  sting  is  con- 
sidered equal  to  the  bite  of  venomous  serpents,  it  has  often  been 
the  object  of  study.  Aristotle,  Pliny,  and  Gralen  reported  strange 
fables  concerning  it;  and  later,  Pabricius,  Redi,  Swammerdamm, 
Vallisneri,  Leuwenhoek,  etc.,  and  especially  Maupertuis,  Amoureux, 
Guyon,  and  Blanchard  experimented  on  its  poison,  but  without 
taking  precise  notes  of  its  action. 

Of  the  numerous  species  of  scorpion  distinguished  by  naturalists, 
three  only  deserve  to  attract  our  attention,  because  they  inhabit  the 
south  of  Prance  and  Africa.f 

The  Scorpio  Europceus,  a  small  species  (Om  'OS),  is  common 
enough  in  cellars,  and  among  the  rubbish  of  old  walls,  and  its 
sting  is  insignificant,  on  account  of  the  very  small  quantity  of  its 
poison. 

The  Scorpio  Oceitanua,  which  is  bright  yellow,  and  somewhat 
larger  (Om  '07),  is  found  in  the  country  crouching  under  stones. 
It  is  not  common,  and  its  sting  is  often  followed  by  formidable 
consequences. 

The  Scorpio  AfeVy  native  of  Asia,  is  tolerably  common  in  Africa, 
and  attains  a  size  of  Om  '12  or  0*15,  and  its  sting  is  certainly  fatal  % 
to  man.  I  have  not  been  able  to  procure  this  species,  and  it  is 
the  Scorpio  Ocdtanus  which  forms  the  subject  of  this  paper.  The 
venomous  apparatus  of  ihe  scorpion  is  situated  at  the  extremity  of 
the  caudal  appendage.  It  is  ampulliform,  terminating  in  a  black, 
curved,  very  hard  and  sharp  spear,  pierced  near  the  point  by  two 
little  holes,  which  allow  the  outflow  of  the  poison  accumulated  in 
the  thick  part.  The  animiQ  uses  it  in  defence,  and  to  kill  his  prey, 
and  if  it  is  only  a  poor  fly,  he  pricks  it  before  conveying  it  to  his 
mouth.  Its  death  is  instantaneous.  With  large  animals,  dogs, 
rabbits,  etc.,  death  occurs  after  a  longer  or  shorter  interval,  accord- 
ing to  the  quantity  of  the  poison  injected. 

The  poison  is  liquid,  colourless,  and  limpid,  distinctly,  and  like 
all  venoms,  soluble  in  water  in  all  proportions,  slightly  soluble  in 

*  **  Comptes  Bendns,**  5th  Sept.,  1870. 

t  Thia  limitation  Bavoun  more  of  national  egotism  than  philoflophy. — Ed.  S. 
i  IL  Joii0Mt*e  phraie  is   '*  La  figiire  est  certainement  mortelle  pour  rhomme." 
Would  ifc  not  be  more  oorreefe  to  say,  is  mmefimgf/aial  t    Bz>. 
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alcohol^  insoluble  in  ether,  and  of  a  density  a  little  above  that  of 
water. 

Microscopical  examination  shows  it  to  be  perfectly  transparent^ 
containing  here  and  there  epithelial  cells  and  fine  granulations,  the 
presence  of  which  is  not  constant.  The  quantity  of  poison  con- 
tained in  the  ampulla  is  very  small ;  it  may  be  estimated  at  about 
two  milligrammes  for  a  scorpion  of  moderate  size.  Its  activity  is 
very  great,  and  even  this  quantity  is  sufficient  to  cause  the  rapid 
death  of  a  middle-sized  dog. 

The  complication  of  phenomena  occasioned  in  the  upper  organ- 
isms by  the  poison  make  it  difficult  to  follow  its  action ;  but  in  frogs 
and  rainsettes,  whose  interdigital  membrane  is  thin,  we  can  observe 
the  effects  very  distinctly  if  we  regulate  the  dose.  Those  who 
wish  to  repeat  these  experiments  will  find  it  useful  to  employ  LUla 
viridis. 

The  first  experiments  I  made  showed  that  &ogs  succumb  rapidly 
under  very  small  doses  of  the  poison  of  the  scorpion.     Death  comes 
on   without   convulsions.      The   skin  of  the   creatures   constantly 
-assumes  a  violet  tint,  and  seems  injected. 

In  one  of  the  experiments  detailed  the  thigh  of  a  green  frog 
was  innoculated  with  0*0004  gr.  of  fresh  venom,  the  member  being 
arranged  to  show  the  circulation  under  a  microscope.  In  two 
minutes  the  characteristic  colour  appeared.  The  circulation  of  the 
blood  became  sensibly  slower.  The  calibre  of  the  capillaries, 
measured  exactly,  remained  the  same  throughout  the  whole  experi- 
ment. In  five  minutes  in  one  capillary,  in  the  midst  of  normal 
globules,  others  deformed,  elongated,  and  accompanied  by  other 
adherents  were  noticed.  In  proportion  as  the  circulation  slackened 
this  appearance  became  more  striking.  One  deformed  globule, 
escorted  by  others  adhering,  arrived  at  the  branch  of  a  capillary, 
and  obstructed  both  passages.  By  a  movement  of  the  animal  a 
healthy  globule  slipped  by,  carrying  with  it  a  filament  detached  from 
the  deformed  globule.  In  the  first  capillary,  where  the  globules 
were  very  numerous,  they  rolled  on  slowly,  and  in  agglomerations 
of  five  or  six.  In  ten  minutes  the  globules  became  stationary,  and 
obstructed  the  capillaries.  From  time  to  time  a  slight  movement 
was  made  backwards  and  forwards,  but  it  was  transient,  and  nothing 
came  of  it. 

In  thirty  minutes  muscular  rigidity  was  apparent  in  the  limb. 
All  the  capillary  vessels  were  filled  with  red  globules  heaped  up 
together.  Sensibility  remained  quite  active,  pain  was  manifested 
when  the  muscles  were    excited  by  a  feeble  inductive  current. 
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which,  however,  caused  no  movement  of  the  globules.  The  rigid 
muscles  contracted  feebly ;  the  motor  nerves  were  excited.  This 
frog,  the  author  tells  us,  recovered,  as  the  quantity  of  poison  was 
not  enough  to  kill  it,  but  the  next  morning  it  moved  mth  diflSculty, 
and  with  spasmodic  action  of  the  muscles.  The  leg  that  was 
pricked  did  not  recover  for  several  days  from  an  indecision  in 
moving. 

In  another  experiment  some  frog's  blood  was  put  under  a  micro- 
scope, and  brought  in  contact  with  the  scorpion  poison.  In  ten 
seconds  the  globules  so  acted  upon  ''rounded,''  their  contour 
became  "absolutely  linear,"  and  they  resembled  little  gelatinous 
masses.  When  the  instrument  was  inclined  the  sound  globules 
glided  down,  but  the  injured  ones  adhered  to  each  other  and  to  the 
glass.     The  red  globules  only  seem  to  be  affected. 


MODEEN  ECLIPSE  OBSERVATIONS. 

BY  JOHN  BROWNING, 
Member  of  the  Ooundl  of  the  Boyal  Astronomical  Society. 

Until  ten  years  ago  the  instruments  required  for  making  observa- 
tions during  a  solar  eclipse,  were  few,  simple,  and  inexpeusive.  A 
telescope  of  moderate  aperture,  furnished  with  some  coloured  screen- 
glasses  of  different  intensities,  and  some  thermometers  to  register 
the  rapid  decrease  of  temperature  which  occurs  during  totality, 
were  all  that  it  was  considered  necessary  the  intending  observers 
should  be  provided  with.  Under  such  circumstances,  observers 
thought  principally  of  the  spectacle  presented  by  our  great  lumi- 
nary during  the  time  of  totaUty,  and  of  the  changes  which  occur 
rapidly  in  the  landscape  with  the  rapid  diminution  of  light.  No 
idea  was  then  entertained  by  even  the  most  sanguine  astronomer 
that  the  physical  conditions  of  the  sun  could  be  discovered  during 
the  occurrence  of  one  of  these  phenomena;  the  utmost  that  was 
hoped  for  being,  that  careful  observations  of  the  extraordinary 
appearances  which  presented  themselves  might  throw  some  light  on 
the  meaning  of  the  red  flames  then  called  ^^  Bailey^s  Beads,'^  which 
had  been  previously  seen  projecting  beyond  the  moon's  limb  during 
totality. 

In  the  great  eclipse  which  occurred  in  1860,  both  Mr.  De  la 
Bue  and  Father  Secchi  obtained  photographs  of  the    sun  during 


I 


5S4  XODBBN  BCLIPSE  OBBBBTATTOVB. 

totality.  A  comparison  between  these  photographs  showed  that,  at 
an  interval  of  seven  minntes^  the  prominences  observed  at  the  two 
stations  were  identical.     From  a  carefiil  examination  of  his  own  t 

photographs^  Mr.  De  la  Rue  foond  convincing  evidence  that  the  red  f 

flames  belonged  to  the  sun. 

The  eclipse  which  occurred  in  India  on  August  17,  1868,  was 
the  first  from  which  great  results  were  obtained.  Colonel  Teunant 
having  received  a  grant  from  the  Indian  Grovernment,  and  some 
valuable  assistance  from  the  Royal  Astronomical  Society,  took  out 
to  India  a  9^  inch  reflecting  telescope,  equatorially  mounted,  with 
clockwork  driving  apparatus,  and  a  very  complete  set  of  photo- 
graphic apparatus.  With  these  he  succeeded  in  obtaining  six 
photographs  during  the  5  min.  38  sec.  the  totality  lasted.  One  of 
the  prominences  which  appears  in  the  whole  of  these  phatographs 
was  very  remarkable,  on  account  of  its  size  and  peculiar  configura- 
tions :  it  was  of  a  spiral  form,  and  the  height  could  not  have  been 
less  than  60,000  miles.  It  was  formed  by  two  jets  of  vapour  which 
met  at  about  16,000  miles  high,  and  produced  the  spiral  arrange- 
ment. The  colour  of  this  protuberance  was  a  delicate  rose  pink, 
streaked  with  silver.  By  the  aid  of  a  spectroscope,  still  more  im- 
portant results  were  obtained.  The  red  fiames,  or  solar  prominences, 
when  viewed  by  the  aid  of  a  spectroscope,  gave  a  spectrum  which 
consisted  only  of  bright  lines,  and  thus  it  was  determined  that  they 
really  consisted  of  enormous  masses  of  incandescent  gas ;  as  the  two 
principal  lines  corresponded  with  the  lines  c  and  F,  it  was  evi- 
dent that  the  gas  of  which  they  consisted  was  hydrogen. 

Colonel  Tennant  says  in  his  valuable  report,  published  in  the 
memoirs  of  the  Royal  Astronomical  Society : — 

''  The  great  horn  certainly  was  composed  of  incandescent  vapours, 
and  probably  all  the  brilliant  protuberances  are  the  same.  In  the 
great  horn  these  vapours  were  hydrogen,  sodium,  and  magnesium. 
It  seems  to  me  perfectly  certain  that  the  ignifced  hydrogen  issued 
from  the  sun  itself,  and  that  it  carried  up  with  it  the  light  vapours  of 
sodium  and  magnesium  far  above  the  level  at  which  they  would 
naturally  lie ;  hydrogen,  naturally,  would  be  the  very  highest  of  the 
gaseous  vapours,  and  consequently  the  coolest.  If,  however,  it  were 
set  free  at  the  surface  of  the  sun,  it  would  be  intensely  hot,  and 
seek,  with  great  violence,  to  ascend,  in  which  process,  if  there  be  a 
stratum  of  heated  vapours,  surfi  as  is  usually  believed  to  exist  round 
the  sun,  the  hydrogen  would  partly  displace  and  partly  carry. up 
these  vapours,  and  the  lighter  would  be  taken  in  preference.^' 

It  occurred  to  M.  Janssen,  a  distinguished  French  philosopher. 
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I  who  made  the  same  Bpectaxwocypio  observations  of  this  eclipse,  that 

I  the  spectra  of  these  prominences  might  be  obtained  when  the  sun 

t  was  t^Tieclipsed.     This  proved  to  be  the  case,  and  during  the  very 

j  next  day  M.  Janssen  was  so  fortunate  as  to  obtain  evidence  of  the 

Talue  of  this  suggestion. 

Before  the  news  reached  England  of  M.  Janssen^s  discovery, 
Mr.  Lockyer  had  tried  successfully  the  same  experiment,  and  had 
been  able  to  map  out  the  forms  of  the  prominences  by  the  position 
and  direction  of  the  bright  lines,  which  he  saw  when  sweeping 
round  the  limb  of  the  sun. 

Soon  after  this.  Dr.  W.  Huggins  found  that  by  opening  the  slit 
of  the  spectroscope  widely,  and  viewing  the  spectrum  through  a  red 
glass,  the  prominences  themselves  were  rendered  visible.  By  using 
a.  more  powerful  spectroscope,  Mr.  Lockyer  was  able  to  see  them 
without  the  assistance  of  a  coloured  glass ;  so  that  now,  by  using  a 
veiy  powerful  spectroscope,  containing  a  train  of  not  less  than  six 
prisms  of  the  densest  flint  glass  of  60^,  the  prominences  when  they 
exist  may  at  any  time  be  easily  seen,  drawn,  and  measured. 

Speaking  of  this  method  (the  broad  slit  of  a  powerful  spectro* 
scope),  Mr.  Lockyer  says : — 

^'  The  solar  and  atmospheric  spectra  being  hidden,  and  the  image 
of  the  wide  slit  alone  being  visible,  the  telescope  or  slit  is  moved 
slowly,  and  strange  shadowy  forms  flit  past,  the  smallest  details 
of  the  prominences,  and  of  the  chromosphere  itself,  are  rendered 
perfectly  visible,  and  easy  of  observation.'' 

The  study  of  these  prominences,  by  the  aid  of  the  spectroscope, 
has  yielded  some  most  interesting  and  valuable  information  on  many 
questions  of  solar  physics. 

Janssen  describes  a  prominence  which  was  more  than  80,000 
miles  high ;  in  appearance  it  resembled  the  flame  of  a  forge  fire 
driven  out  with  violence  through  the  openings  in  the  coals,  by  a 
strong  blast:  another  protuberance  near  it  presented  the  appear- 
ance of  a  mass  of  snowy  mountains,  with  the  base  resting  on  the 
limb  of  the  moon,  and  lighted  by  the  setting  sun. 

In  one  of  his  papers  to  the  Royal  Society,  Mr.  Lockyer  says  : — 

"  Here  one  is  reminded  by  the  fleecy,  infinitely  delicate  cloud 
films,  of  an  English  hedgerow,  with  luxuriant  elms;  here,  of  a 
densely  intertwined  tropical  forest^  of  intimately  interwoven 
branches,  threading  in  all  directions,  the  prominences  generally 
expanding  as  they  mount  upwards,  and  changing  slowly — ^indeed, 
almost  imperceptibly.'' 

During  the  last  two  years,  Lockyer,  Zollner,  Bespighi,  Secchi, 
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and  Youngs  UEdng  veiy  powerfal  spectroscopes,  have  carried  on 
their  researches  on  the  solar  prominences,  and  have  published 
papers,  which  have  greatly  increased  our  knowledge  of  the  cause  of 
these  phenomena. 

In  conjunction  with  Dr.  Frankland,  Mr.  Lockyer  has  studied 
the  spectra  of  gases  under  varying  pressures,  and  has  shown  that 
the  variation  in  the  breadth  of  the  lines  in  the  spectra  of  the  pro- 
minences is  produced  by  the  difference  of  pressure  in  the  burning 
hydrogen,  of  which  the  prominences  are  principally  composed. 

Secchi  has  shown  that  there  is  an  intimate  relationship  between 
the  solar  prominences  and  sun-spots.  • 

As  well  as  the  prominences,  there  is  a  narrow  line  of  red  matter 
encircling  the  sun^s  disc,  and  therefore  enveloping  the  whole  solar 
surface. 

Mr.  Proctor  has  suggested  that  this  consists  of  the  same  matter 
as  the  prominences .;  that  it  may  be  thickly  studded  with  prominences 
of  comparatively  low  elevation ;  and  that  the  tops  of  prominences, 
both  before  and  behind  the  sun's  limb,  would  help  to  form 
part  of  it. 

The  small  space  at  my  disposal  prevents  me  &om  doing  any  sort 
of  justice  to  this  part  of  my  subject. 

By  the  time  this  number  of  the  Studknt  appears,  Mr.  Proctor's 
new  work  on  the  Sun  will  be  published.  As  I  have  had  the 
privilege  of  reading  the  proof  sheets,  I  can  confidently  recommend 
the  work  as  containing  full  information  on  all  the  topics  I  have 
touched  on,  set  forth  in  that  admirably  lucid  manner  for  which  Mr. 
Proctor  is  so  well  known  and  so  justly  celebrated,  and  illustrated 
copiously  with  diagrams,  in  the  construction  of  which  Mr.  Proctor 
has  no  rival.  The  theory  of  eclipses  is  also  explained  in  a  novel 
way,  so  clearly  that  any  person  may  understand  why  they  occur  at 
stated  periods. 

For  the  eclipse  observations  of  1868  Colonel  Tennant  gave  great 
attention  to  the  preparation  of  a  polariscope,  for  the  purpose  of 
determining  the  amount  of  polarized  light  in  the  corona,  and,  if 
possible,  the  direction  of  the  plane  of  polarization.  The  results 
obtained  have  not  enabled  us  to  form  any  very  decided  opinion  on 
this  branch  of  the  subject. 

To  observe  the  solar  eclipse  of  1870,  Lord  Lindsay  has  taken  to 
Cadiz  a  12  {  inch  reflecting  equatorial,  with  clock-work  driving 
apparatus,  with  a  set  of  photographic  apparatus  contrived  by  the 
writer.  This  apparatus  is  made  on  a  breech-loading  principle,  and 
is  so  contrived  that  it  can  be  worked  by  two  persons ;  an  assistant 
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will  prepare  the  plates  and  place  them  in  at  the  lower  end  of  the 
apparatus^  which  will  contain  three  prepared  plates  at  the  same  time, 
while  the  operator  will  expose  them  and  take  them  out,  near  the 
mouth  of  the  telescope,  and  pass  them  on  to  be  developed.  Work- 
ing in  this  manner  it  is  hoped  that  three  or  four  successful  photo- 
graphs may  be  obtained  in  about  the  space  of  a  minute  and  a  half, 
and  in  the  remaining  time,  about  forty  seconds,  it  is  intended  to 
give  one  plate  a  much  longer  exposure,  to  try  to  obtain  an  image  of 
the  corona.  Lord  Lindsay  has  with  him  Mr.  Davies,  a  skilful  pro- 
fessional photographer,  and  an  engineer  to  superintend  the  erection 
of  his  powerful  apparatus. 

A  few  extracts  &om  instructions  to  observers,  issued  by  the 
Organizing  Committee  of  the  Boyal  and  Boyal  Astronomical  Societies, 
will  perhaps  furnish  the  best  idea  of  the  character  of  the  apparatus 
required  to  carry  on  successfiilly  eclipse  observations. 

Instructions  to  Polarizers: — 

"  Observers  are  instructed  to  provide  themselves  with  a  double 
image  prism ;  a  Savart^s  polariscope ;  a  plate  of  quartz,  consisting  of 
two  compensating  wedges. 

"  A  plate  of  arragonite,  or  calc  spar,  cut  perpendicular  to  an 
optic  axis,  and  afiixed  to  an  analysing  prism. 

"  A  polarimeter,  consisting  of  four  plates  of  glass,  movable  on  an 
axis  perpendicular  to  the  plane  of  polarization. 

'^  A  compound  plate  of  right  and  left-handed  quartz.^' 

The  work  of  the  polarizers  is  divided  into  four  observations. 
The  first  is  intended  to  determine  the  polarization,  if  any,  of  the 
chromosphere,  together  with  the  direction  of  the  plane  of  polarization. 

The  Nicol's  prism  of  the  polariscope  should  be  set  beforehand 
with  its  principal  plane  (or  plane  of  symmetry)  radial,  i.e.,  perpen- 
dicular to  the  sun's  limb,  and  the  observer  must  note  whether  bands 
are  visible ;  and  if  so,  whether  they  are  black-centred,  or  white- 
centred.  Should  the  bands  be  feeble,  it  will  be  well  to  rotate  the 
polariscope,  prisms  and  plates  of  course  moving  together,  and 
quickly  restore  it  to  its  primitive  azimuth,  after  having  noted  the 
estimated  azimuth  of  the  Nicol  when  the  bands  are  strongest 
and  black-centred. 

If  time  permit,  the  observer  should  try  whether  there  is  any 
sensible  quantity  of  polarized  light  on  the  dark  disc  of  the  moon, 
rotating  the  analyser  and  determining  the  plane  of  polarization. 

The  second  observation  is  to  differentiate,  if  possible,  between 
the  corona  and  the  chromosphere. 
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The  obserrer  should  turn  the  azuJyser  so  as  to  extinguish,  as  &r 
as  may  be,  the  light  of  the  corona  in  the  neighbourhood  of  a  radius 
depending  on  the  angular  position  of  the  analyser.  He  should  notice 
the  form,  colour,  and  general  appearance  of  any  residual  luminosity 
other  than  the  well-known  protuberances,  and  should  contrast  the 
appearance,  especially  as  to  colour,  with  that  seen  when  the  light  is 
analysed,  so  as  to  retain  light  fronL  the  same  region  polarized  in 
the  perpendicular  direction. 

The  third  observation  is  to  test  the  streamers  from  the  oorona  as 
to  polarization. 

The  fourth  observation  is  for  the  purpose  of  determining  whether 
the  polarization  observed  in  the  corona  is  due  to  a  secondary  illumi- 
nation of  an  intervening  portion  of  the  earth^s  atmosphere ;  that  is, 
to  the  illumination  produced  by  reflection  from  clouds  towards  our 
horizon. 

Observers  were  particularly  desired  to  test  the  object-glasses  of 
all  the  telescopes  intended  to  be  used  in  polariscopic  observations,  for 
polarization  which  nught  arise  from  defects  in  annealing  the  gloss. 

Instructions  for  the  spectroscopic  observation  of  the  chromosphere,  and 

the  base  of  corona,  and  the  corona  itself. 

"  To  determine  if  there  exists  cooler  hydrogen  above  and  around 
the  vividly  incandescent  layers  and  prominences.  To  do  this  the 
band  of  the  spectrum  just  above  the  stratum  which  gives  the 
hydrogen  lines  before  totahty,  and  during  totality,  should  be  care- 
fully examined,  to  notice  (a)  if  any  traces  of  the  hydrogen  spectrum 
exists  above  the  region  which  before  totality  gave  the  hydrogen 
lines ;  and  {b)  what  lines  extend  outside  the  hydrogen  spectrum,  and 
whether  they  also  exist  with  it  in  the  lower  strata. 

'^  To  determine  whether  any  other  gases  or  vapours  are  ordinarily 
mixed  up  with  hydrogen,  but  remain  invisible  with  the  unechpsed 
sun  in  consequence  of  the  absence  of  saliently  brilliant  lines  in  their 
spectra.^^ 

To  observe  the  chromosphere,  a  very  powerful  spectroscope  must 
be  used ;  for  this  purpose  Mr.  Lockyer  is  provided  with  an  auto- 
matic spectroscope,  contrived  by  the  writer,  and  lent  for  the  purpose 
by  Mr.  Gassiott ;  while  Dr.  Huggins  has  a  similar  instrument,  lent 
for  the  occasion  by  Mr.  Spottiswoode.  These  instruments  have  an 
arc,  on  which  is  distinctly  marked  the  positions  of  the  principal 
lines  in  the  solar  spectrum.  As  they  are  self-adjusting,  the  whole 
of  the  prisms  are  arranged  automatically  at  the  minimum  angle  of 
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deviation,  for  any  particular  line,  when  the  zero  is  brought  to  coin- 
cide with  that  line,  as  marked  on  the  arc  of  the  instrument. 

For  observing  the  corona,  spectroscopes  of  a  totally  diflferent 
kind  have  been  provided.  Li  these  instruments,  only  the  low  dis- 
persive power  of  a  single  prism  is  used,  with  a  very  long  slit,  to 
embrace  as  much  of  the  corona  as  possible,  and  an  eye-piece  of 
large  field,  and  low  magnifying  power.  For  Mr.  Lockyer's  use,  the 
writer  has  attached  such  an  instrument  as  has  been  just  described, 
to  a  9^  in.  reflecting  telescope. 

Some  apprehension  has  been  entertained  that  the  light  of  the 
corona  may  not  prove  to  be  sufficiently  powerful  to  yield  a  good 
spectrum,*  and  it  is  hoped  by  the  provision  made  for  gathering 
light  in  the  apparatus  just  described,  that  a  satisfactory  spectrum 
will  be  obtained. 

Independent  of  Lord  Lindsa/s  expedition,  which  he  has  carried 
out  entirely  at  his  own  expense,  there  will  be  four  parties  of  echpse 
observers.  These  will  be  placed  respectively  at  Cadiz,  Gibraltar, 
Oran,  and  Sicily.  The  party  which  proceeds  to  Sicily  will  number 
in  its  ranks,  Mr.  Brett,  the  distinguished  artist,  and  Mr.  Brothers, 
the  well-known  photographer.  Mr.  Brett  purposes  to  make  a 
sketch  of  the  corona.  Much  information  may  be  hoped  for  from 
sketches,  and  the  eye  observations  which  Dr.  Huggins  will  make, 
SkS  the  results  yielded  by  spectrum  analysis  may  be  susceptible  of 
various  interpretations.  Mr.  Brothers  proposes  to  confine  his 
endeavours  solely  to  obtaining  photographs  of  the  corona — exposing 
the  plates  so  long  as  to  overdo  the  other  portions  of  the  picture. 
Mr.  Brothers  will  use  a  long  focns  portrait  lens,  mounted  on  an 
equatorial  telescope — ^the  image  produced  will  be  very  small ;  but 
it  may  be  viewed  through  a  microscope,  or  larger  photographs 
taken  from  it  by  the  enlarging  process. 

Had  time  permitted,  more  complete  apparatus  would  have  been 
provided.  The  results  obtained  by  the  various  parties  wiU  be  looked 
forward  to  with  great  interest  by  all  who  have  interested  them- 
selves in  astronomical  science. 

Since  the  above  was  written  the  following  telegram  has  been 
received  from  Lord  Lindsay : — 

"  Pttebto,  Dee,  22  (1.5  P  M.) 
"  Photographs  successful.    Two  good  pictures  of  corona. 
^*  Polariscope  doubtful ;  sketching  good ;  spectrum  no  lines  ;  broken  sk  j." 

*  I  do  not  share  this  apprehension  mjself,  because  with  a  small  hand  spectroscope 
I  have  readily  seen  the  spectrum  of  the  aurora  borealis  where  the  light  was  not  visible  to 
the  naked  ere. 
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GLANCES  AT  NEW  BOOKS. 

The  study  of  natural  philosophy  is  of  primary  importance  in  ajiy 
good  system  of  education,  and  notwithstanding  the  existence  of  many 
good  books  in  our  language,  original  and  translated,  we  cannot  say 
there  is  not  room  for  more.     Some  works  that  will  answer  well  as 
text-books  in  the  classes  of  a  judicious  teacher,  throw  upon  him  the 
entire  task  of  teaching  the  pupils  how  to  think;  for  it  is  quite 
possible  for  a  student,  with  a  fair  memory  and  a  moderate  knowledge 
of  mathematics,  to  go  through  a  course  of  instruction  and  be  compe- 
tent to  pass  ordinary  examinations,  and  yet  to  know  very  little  of  the 
subject.     Amott's  old  and  well-known  ^^ Elements  of  Physics''  has 
stood  its  ground  to  the  present  day  because  it  possesses  in  a  high 
degree  the  qualities  of  logical  exposition  and  suggestion.     From  the 
first  part  of  Deschanel's  ^^  Natural  Philosophy,''*  edited  by  Professor 
Everett,  we  should  accord  similar  praise  to  this  work,  which  is 
adapted  to  more  advanced  students.     In  addition  to  being  a  good 
class-book,  it  is  well  adapted  for  private  reading,  as  the  style  is  good 
and  the  examples  remarkably  well  chosen. 

Another  good  educational  work,  though  of  a  more  strictly 
technical  character,  is  ''The  Elements  of  Mechanism,"  by  Mr. 
Goodeve,  which  now  appears,  "rewritten  and  enlarged"  from 
previous  editions.f  This  is  an  excellent  treatise  on  the  practical 
methods  by  which  machines  apply  motion  in  any  direction  that  may 
be  required.  The  most  casual  observer  of  any  complex  machine  in 
action  must  perceive  that  the  object  of  its  various  parts  is  to  convert 
the  prime  motion  by  which  it  operates  into  other  sorts  of  motion, 
varying  in  direction,  velocity,  continuity,  or  intermission.  The 
various  contrivances,  cranks,  pulleys, wheels,  trains,  etc.,  etc.,  by  which 
these  modifications  are  eflfected  are  succinctly  explained  by  Mr. 
Goodeve,  and  the  formulaB  given  for  computing  the  results.  It  is  es- 
pecially a  book  for  practical  mechanicians ;  but  its  simpler  problems 
should  form  part  of  ordinary  education.     Mr.  Goodeve  writes  for  a 

*  "Elementary  TreatiBe  on  Natural  Philosophy,"  by  M.  Privat  Deschanel, 
formerly  Professor  of  Physics  in  the  Lyc^  Louis  le  Grand,  Inspector  of  the  Academy 
of  Paris.  Translated  and  edited,  with  extensire  additions,  by  M.  J.  A.  Everett,  M.A., 
D.C.L.,  F.R.S.E.,  Professor  of  Nataral  Philosophy  in  the  Queen's  College,  Belfast.  In 
four  parts.  Part  I. — Mechanics,  Hydrostatics,  and  Pneumatics.  Illustrated  by  181 
engravings  on  wood  and  one  coloured  plate.     (Blaokie  and  Son.) 

t  "  The  Elements  of  Mechanism ;  designed  for  Students  of  Applied  Mechanics," 
by  T.  M.  Goodeve,  M.A.,  Lecturer  on  Applied  Mechanics  at  the  Boyal  School  of 
Mines,  and  formerly  Professor  of  Natural  Philosophy  in  Bong's  College,  London. 
(Longmans.) 
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somewliat  advanced  class  of  students  undergoing  what  he  terms 
"  systematic  preparation  ;*'  but  the  book  is  capable  of  wider  use,  and 
might  be  advantageously  placed  in  every  lib*rary  to  which  workmen 
have  access.  It  belongs  to  Messrs.  Longmans'  series  of  "  Text 
Books  of  Science." 

Another  of  the  ''Text  Books  of  Science''  is  Mr.  Bloxam*s 
treatise  on  the  "  Metals,  their  Properties  and  Treatment,"*  and  we 
find  that  it  condenses  into  a  small  space  a  good  resume  of  the 
metallurgy  of  iron  and  steel,  copper,  tin,  zinc,  lead,  silver,  gold, 
mercury,  platinum,  palladium,  antimony,  bismuth,  aluminium,  mag- 
nesium, and  cadmium.  It  is  well  illustrated  with  numerous  sketches 
of  furnaces,  apparatus,  etc.,  and  supplies  a  large  body  of  practical 
information.  On  looking  over  a  work  of  this  description,  we  cannot 
avoid  being  struck  with  the  fact  that  our  great  and  remarkable 
advances  in  metallurgy  have  only  prepared  the  way  for  further 
discovery  and  invention,  and  if  a  considerable  number  of  our  young 
men  could  be  induced  to  acquire  a  sound  scientific  education,  they 
would  find  openings  in  abundance  for  their  talent  and  skill.  For 
example,  in  speaking  of  iron  ores,  Mr.  Bloxam  mentions  that  the 
well-known  pyrites,  used,  we  believe,  extensively  as  a  source  of 
sulphur,  is  not  worked  for  the  metal,  the  reason  being  the  difficulty 
of  getting  all  the  sulphur  away.  The  slag  produced  in  enormous 
quantities  is  still  only  very  partially  used  in  economic  purposes, 
although  good  specimens  have  been  melted  and  cast  into  articles  of 
considerable  beauty.  The  difficulty  lies  in  getting  rid  of  sulphur 
and  other  damaging  impurities,  and  this  will  no  doubt  be  accom- 
plished some  day.  Bessemer's  process  of  blowing  air  through 
molten  cast  iron,  and  thus  burning  away  the  carbon  to  a  greater  or 
less  extent,  according  to  the  prolongation  of  the  operation,  has 
done  wonders  for  the  trade  and  for  public  utility,  but  in  its  present 
form  it  is  only  applicable  to  good  qualities  of  iron,  and  those  which 
contain  much  sulphur  and  phosphorus  cannot  be  advantageously 
employed.  In  Mr.  Heaton's  plan,  nitrate  of  soda  supplies  the 
oxygen,  and  it  is  said  to  be  efficacious  in  removing  sulphur  and 
phosphorus.  Mr.  Bloxam  speaks  of  this  plan  as  not  yet  sufficiently 
tested.  If  we  pass  from  iron  to  copper,  we  find  still  much  to  be 
done,  and  we  do  not  know  that  anyone  has  yet  applied  to  any  useful 
purpose  the  alloy  of  phosphorus  and  copper  made  sometime  since  at 

*  *'  Metals :  itiea  Properties  and  Treatment,"  bj  Charles  London  Bloxam, 
Professor  of  Practical  Chemistry  in  King's  College,  London,  Professor  of  Chemistiy  in 
the  Boyal  Military  Academy  and  in  the  Department  of  Artilleiy  Studies,  Woolwich. 
(Longmans.) 
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Woolwich^  highly  spoken  of  for  hardness  and  tenacity.  There  is 
no  one  metal  in  the  nse  or  working  of  which  improvements  are  not 
required^  and  metallargy  must  be  pronounced  to  be  a  hopefiil 
branch  of  applied  science  for  any  student  anxious  for  commercial 
success  to  take  up.  Mr.  Bloxam  has  epitomized  and  selected  "with 
judgment.  Dr.  Percy's  loose  and  voluminous  work  leaves  much  to 
be  desired^  and  it  was  no  easy  task  to  compress  the  most  useful 
matter  into  one  small  book. 

Dr.  AiiLSTNE  Nicholson  has  just  brought  out  the  best  ^^Advanced 
Text-Book  of  Zoology^'  that  has  yet  appeared.  It  is  of  small  balk 
(pp.  240)^  well  arranged^  and  illustrated  with  a  considerable  number 
of  woodcuts.  A  careful  reader  will  learn  from  it  more  of  the  principles 
of  scientific  classification,  and  get  a  better  notion  of  the  anatomical  and 
physiological  considerations  on  which  it  depends,  than  from  any  similar 
work  we  could  name.  It  is  a  good  book  for  private  study  and 
reference,  as  well  as  for  class- teaching.  It  is  written  in  a  pleasant 
style,  and  we  notice  no  serious  faults.  It  is,  however,  scarcely  correct 
to  say  that  the  bodies  of  infusoria  ^^  usually  consist  of  three  distinct^ 
layers.'*  The  cuticle  is,  in  most,  easily  distinguishable  from  the  softer 
internal  portions,  and  may,  therefore,  be  termed  distinct ;  but  there 
is  no  line  of  separation  or  distinction  between  the  so-called  second,  or 
cortical  layer,  and  the  softer  part  which  lies  next  to  it.  The  passage 
from  one  to  the  other  is  gradual.  Again,  it  is  better  to  say  that  no 
structure  is  observable  in  the  cuticle  than  to  call  it  structureless, 
which  we  have  no  right  to  affirm  of  any  formation,  upon  the  purely 
negative  ground  that  our  instruments  fail  to  show  how  and  of  what 
sort  of  parts  it  is  composed.  There  is  a  good  glossary  at  the  end  of 
the  book,  and  altogether  it  i&  one  we  can  safely  recommend  to  a  wide 
and  general  use.  It  would  be  extremely  valuable  to  have  this  book 
read  in  the  upper  classes  of  good  schools.  Any  intelligent  teacher 
could  learn  from  it  quite  enough  to  offer  necessary  explanations ;  and 
the  way  in  which  Dr.  Nicholson  works  up  his  facts  so  as  to  illustrate 
principles,  places  his  book  far  in  advance  of  ordinary  manuals,  and 
would  ensure  pupils  being  interested  in  his  teaching. 

Microscopists  will  never  be  tired  of  diatoms,  and  we  have  no  doubt 
they  will  welcome  Dr.  Donkin's  natural  history  of  this  interesting 
£Eunily  of  plants,t  although  it  is  too  early  to  say  to  what  extent  they 

•  AdTBDoed  Text-BoDk  of  Zoology  for  the  Vwe  of  Schools.  Bj  H.  Alleyne 
Nioholflon,  M.D.,  D.Sa,  M.A.,  Ph.D.,  F.B.S.E.,  eta,  Lecturer  on  Natural  Hiatorj  in  the 
Hedical  School  of  Edinburgh,  Vice-President  of  the  Qeological  Society  of  Sdinbnrgh, 
Author  of  ^  Mannal  of  Zoology  for  the  Use  of  Students/'  ''  Geology  of  Comberlaad 
and  Westmorelftnd,"  etc.    Blackwood  and  Sons. 

t  "The  Katoral  History  of  the  DiatomaoeaB,"  by  Arthur  Scott  Donkiny  ILD. 
niostrated  by  coloured  plates  by  Tuffen  West.     (Van  Toorst.) 
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will  agree  with  the  new  views  lie  may  propound.  The  first  part 
now  before  ns  opens  with  the  NaviculsB^  whidi  he  yery  properly 
makes  to  include  the  Pinnularisd^  separated  on  insufficient  grounds. 
Future  parts^  like  the  present  one^  will  be  illustrated  by  four  plates, 
drawn  by  Mr.  Tuffen  West,  the  most  skilled  artist  for  this  difficult 
sort  of  work.  This  work,  when  finished,  will  consist  of  an  introduc- 
tion, giving  the  natural  history  of  the  DiatomaoesB,  with  '^  a  new 
classification  based  on  their  structure  and  mode  of  development/' 
and  of  a  synoptical  portion,  descriptive  of  British  genera  and  species. 
We  would  remind  Dr.  Donkin  of  the  statements  concerning  the 
Pinnularisd  made  by  Mr.  Slack  in  a  former  number  of  The  Student. 
It  is  evident  that  many  of  these  organisms  have  been  imperfectly 
figured  because  they  were  imperfectly  seen.  Those  with  what  used 
to  be  considered  irresolvable  costas  require  careful  re-examination  with 
Powell  and  Lealand^s  immersion  l-8th  and  l-16th,  and  every  nicety  of 
illumination,  to  make  out  the  true  form  of  the  markings,  which  seem 
quite  complex  with  ordinary  means.  From  Dr.  Donkin's  remarks, 
he  will  not  be  at  all  astonished  at  the  extent  to  which  these  diatoms 
conform  to  navicnla  patterns ;  but  there  may  be  great  difficulty  in 
ascertaining  what  the  markings  on  them  really  are. 

Amongst  the  works  on  natural  history  translated  from  the 
French,  we  must  notice  the  '^Adventures  of  a  Young  Natu- 
ralist^^ of  Lucien  Birat,  edited  and  adapted  by  Mr.  Parker 
Gilmore,  and  published  in  a  very  handsome  gift-book  form  by 
Messrs.  Sampson  Low  and  Co.*  The  unusual  merit  of  the  illus- 
trations, their  large  number,  and  the  general  aspect  of  this  work, 
are  highly  to  be  commended ;  but  when  we  come  to  the  letterpress 
our  admiration  is  cooled  down.  A  little  boy  of  nine  years  old  is 
supposed  to  accompany  his  father  in  a  Mexican  exploration,  and  to 
go  through  all  sorts  of  adventures  and  meet  with  curious  objects 
of  various  kinds.  What  he  sees,  what  he  does,  what  questions  he 
asks  on  natural  history,  physical  geography,  etc.,  etc.,  and  the 
answers  he  obtains,  make  up  the  book,  which  is  intended  to  afibrd 
instruction  in  a  very  interesting  way.  We  fear  our  young  folks 
would  not  take  this  view  of  it,  as  it  has  none  of  the  simplicity 
adapted  to  children,  and  is  too  obviously  a  manufacture  to  possess 
the  charm  of  genuine  travel  or  good  fiction.  The  young  Lucien  is 
presumed  to  be  fond  of  technicalities,  and  wlien  an  ant-eater 
appears  and  puts  itself  in  a  position  of  defence,  he  is  told,  to  prevent 

*  "  Adrentures  of  a  Young  NaturaliBt,"  bj  Lncien  Birat.  Edited  and  adapted  by 
Parker  Gilmore,  author  of  ^'All  Bound  the  World,"  *<Gun,  Bod,  and  Saddle,*' 
**  Aooessible  Field  Sports,"  etc.,  etc.    With  117  illaitrations.    (Sampson  Low  and  Co.) 
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alarm^  that  it  is  of  the  '^  order  Edentata  and  akin  to  the  Arma- 
dilloes/'  When  he  touches  a  salamander^  and  calls  it  '^cold  and 
sticky/'  he  is  informed  that  '^  the  viscous  humour  which  is  secreted 
by  the  skin  of  the  salamander  is  able  to  protect  them  for  a  short  t\me 
from  injury  by  fire,  by  means  of  the  same  phenom£non  by  which  a 
handj  previously  wetted,  can  be  plunged  into  molten  iron  without 
burning  it.  Thus  an  idea  has  arisen  that  these  batrachians  can 
exist  in  the  midst  of  flames.^'  This  passage  contains  bad  science  as 
well  as  bad  English.  The  author  or  translator,  whichever  is  answer- 
able for  the  blunders,  would  not  find  that  any ''  phenomenon  '^  would 
protect  his  hand  if  he  put  it  in  the  fire  coated  with  a  "viscous 
humour.'^  He  clearly  does  not  understand  Boutigney*s  experiment 
any  better  than  he  does  grammar,  or  the  proper  meaning  of  phe- 
nomenon. In  another  place  Lucien  is  told  that  meteors  and 
aerolites  are  composed  of  '^  sulphur,  chromium,  and  earth/'  When 
the  boy  finds  an  object  "  like  a  great  sponge,''  he  is  informed  that 
''it  is  a  nest  of  white  ants — ^they  are  insects  of  the  neuropteral 
order,  and  allied  to  the  bibellulae,"  which  must  have  been  very 
intelligible  to  a  child  of  his  age,  and  equally  so  the  statement  that 
''  the  root  of  the  dahlia  is  a  farinaceous  food  of  a  somewhat  insipid 
taste."  It  is  a  great  pity  when  writers  pay  no  attention  to  the 
proper  force  of  words.  An ''  insipid  taste  "  is  a  tasteless  taste — ^rather 
a  curious  article.  In  another  place  we  find  ''  artless  ignorance,"  as 
if  ignorance,  or  absence  of  knowledge,  could  by  possibility  be  artful, 
or  full  of  anything.  In  spite  of  its  defects  the  book  contains  a 
considerable  amount  of  information,  and  if  the  writing  were  as  good 
as  the  engraving  we  could  say  more  in  its  praise. 

Dr.  Cornwell  supplies  two  excellent  educational  works, "  Spelling 
for  Beginners,"  and  ''  Poetry  for  Beginners."*  The  spelling-book  is 
founded  upon  the  plan  of  introducing  short  sentences  to  be  read  by 
the  pupil,  containing  words  of  the  same  character  in  sound  as  those  in 
the  margin,  which  are  to  be  spelt.  Information  in  pronunciation  is  also 
supplied,  and  when  the  same  word  has  several  meanings,  attention  is 
called  to  the  fact  by  two  or  more  asterisks.  We  should  think 
children  would  readily  be  interested  in  this  mode  of  teaching,  and 
they  would  learn  much  quicker  than  in  the  old  way.  The  poems 
for  beginners  are  judiciously  selected,  some  very  simple  and  easy, 
others  more  difficult,  but  all  good.  Dr.  Cornwell  appends  to  each 
the  name  of  the  author,  and  the  date  at  which,  if  dead,  he  lived,  and 

*  *'  Spelling  for  Beginners  ;  a  Method  of  Teaching  Spelling  and  Beading  at  the  same 
time."  "  Poetrj  for  Beginners ;  a  Selection  of  Short  and  Easy  Poems  for  Beading  and 
Becitation  in  Schools  and  Families."    (Simpkin  and  Co.) 
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notes  to  explain  hard  words.  This  unpretending  cheap  volume  is  a 
good  introduction  to  English  poetry^  and  we  hope  the  schoolmasters 
and  mistresses  who  use  it  will  teach  their  pupils  to  read  aloud^  with 
due  regard  to  both  sense  and  sound — an  aocompHshment  absurdly 
rare  amongst  all  classes.  The  frightful  sing-song  most  children 
are  taught  renders  it  impossible  for  them  to  appreciate  poetry  of 
any  kind. 

Dr.  George  Berwick  writes  on  the  "  Forces  of  the  Universe/^*  a 
fine  subject^  worth  better  treatment.    The  author  does  not  clearly 
apprehend  elementary  scientific  £aots  and  reasonings.   He  thinks  the 
motion  of  pith  balls  between  metal  plates  in  a  well-known  electrical 
experiment  '^  very  analogous  to  the  part  which  the  particles  of  water 
evaporated  from  the  earth's  surface  play  in  the  outer  worlds  in  the 
first  instance  rising  from  the  earth  as  aqueous  vapour,  and  returning 
to  it  again  by  condensation  in  a  visible  form,  at  the  same  time 
carrying  electric  force  upwards  and  downwards,  and  ever,  amid  the 
jarring   elements,   maintaining    harmonious  electrical  equilibrium 
over  the  whole  surface  of  the  material  universe.'^     The  light  of  the 
sun  he  thinks  electrical,  gravitation  is  electrical,  and  planets  and  sun, 
charged  with  opposite  electricities,  give  light  "  in  the  same  manner 
as  when  an  arch  of  fire  is  produced,  when  the  opposite  poles  of  a 
galvanic   or   electro-magnetic  machine  are  made  to  approach  one 
another/^     In  another  place  we  are  told  that  "  if  it  were  possible  for 
the  individual  members  of  our  planetary  system  to  be  contained  in 
one  large  mass,  or  if  their  whole  attracting  force  were  combined  in 
one  power,  and  made  to  act  simultaneously  and  in  one  direction  upon 
the  sun,  it  is  quite  possible  that  they  would  force  the  sun  out  of  his 
present  fixed  position,  and  make  him  revolve  round  them.'^    There 
is  conftuEdon  of  style  as  well  as  thought  in  this  passage :   if  all  the 
supposed  powers  were  combined  into  one  power,  that  single  power 
would  have  nothing  to  act   simultaneously  with,  except  the  sun, 
which  is  not  what  the  writer  means.    The  sun  is  not  absolutely  fixed, 
as  he  supposes,  by  an  exact  counterbalance  of  the  opposing  pulls 
at  him  made  by  his  planets,  and  their  mass  altogether  is  so  small 
compared  with  his,  that  they  cannot  materially  change  his  position, 
though  they  must  do  so  to  an  infinitesimal  extent.     The  sun  is  not, 
as  is  subsequently  stated,  the  densest  body  of  the  system.     The  solar 
density  is  stated  by  Sir  John]  Herschel  as  about  0'2548  that  of 
our  earth.     The  sun's  attractive  power  is  354,936  times  that  of  the 
earth,  and  if  the  planets  were  all  combined,  the  sun  would  far  out- 
weigh them,  and  if  the  supposed  revolving  motion  took  place,  it 

•  «  The  Forces  of  the  UniTene,"  by  George  Berwick,  M.D.     (LongmaoB.) 
VOL.   I.   N.S. — ^NO.   V.  N  N 
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would  be  round  a  centre  of  gravity  near  the  sun,  and  not  round  the 
combined  planets  as  a  centre  of  the  sun's  revolution.  Dr.  Berwick 
supposes  forces  identical  which  are  simply  related  or  correlated. 
Electricity  is  not  identical  with  magnetism  or  heat.  Probably,  to 
use  Tyndairs  phrase,  all  are  modes  of  motion,  but  each  has  its  own 
motion.  With  more  thought,  and  a  more  distinct  perception  of 
what  he  is  about.  Dr.  Berwick  would  appear  to  greater  adv^antage 
in  print. 

We  have  to  thank  the  managers  of  the  Smithsonian  Institution 
for  sending  us  their  Report  for  the  year  1868,  which  contains  a  valu- 
able selection  of  scientific  papers  on  important  subjects  collected 
from  various  sources.  The  Smithsonian  managers  have  been  laud- 
ably active  in  extending  their  system  of  meteorological  observations, 
and  in  re-establishing  those  which  were  interrupted  by  the  slave- 
holders* rebellion.  They  hope  to  set  up  a  well-equipped  physical 
observat/ory  at  the  highest  point  of  the  Pacific  railway,  at  ^^  Sher- 
man's Station,'*  which  may  facilitate  the  gradation  of  storms  on  the 
Atlantic  coast.  From  a  statement  referring  to  agriculture,  we  learn 
that  the  Americans  have  been  exhausting  their  soil  to  a  greater 
extent  than  is  generally  known.  *^  From  a  late  account  of  the 
Commissioners  of  Agriculture,  it  appears  the  average  yield  of  the 
whole  United  States  is  less  than  12  bushels  per  acre,  while  that  of 
Great  Britain  is  28.**  Land  in  the  Eastern  States  which  used  to 
produce  30,  and  in  some  cases  40  to  50  bushels  an  acre,  now  pro- 
duce but  8  or  1 0.  The  conclusion  is  that  a  more  scientific  system 
must  be  adopted. 

The  Proceedings  of  the  Academy  of  Natural  Sciences  of  Phila- 
delphia, and  the  ^^  Canadian  Naturalist,**  contain  valuable  papers 
which  our  space  does  not  permit  us  to  analyse.  In  the  former 
work  Professor  Leidy  describes  many  new  fossils,  and  amongst 
them  a  bone  from  Colorado  of  a  beast  resembling,  and-  nearly  as 
large  as  the  Siratherium,  and  Professor  Marsh  exhibited  a  series  of 
bird  remains  from  TJ.  S.  cretaceous  and  tertiary  rocks,  showing  this 
class  to  have  been  well  represented  in  that  country.  The  '^  Cana- 
dian Naturalist**  contains  a  clever  paper  called  '^  Aquaria  Studies,** 
describing  the  inhabitants  of  a  Canadian  tank;  and  then  follow 
papers  by  Mr.  Hunt  on  Laurentian  Bocks,  Laurentian  Graphite,  and 
the  Norite  or  Labradorite  Bock.  Mrs.  Beeks  describes  the  birds  of 
Newfoundland,  and  Mr.  Bell  its  plants.  There  are  other  papers  of 
interest. 

The  Bev.  H.  J.  Martin*  must  excuse  us  if  we  do  not  depart  from 
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our  rule  of  declining  to  review  theological  v^orks.  We  can  only 
state  that  his  book  entitled  ^'The  Christ  of  the  Gospels''  belongs 
to  the  class  of  well-written  liberal  orthodox  works. 

Mr.  Mackay  contributes  an  "Apology  for  the  Present  System  of 
Conveyancing/'  and  though  he  states  many  things  we  do  not  agree 
with^  his  pamphlet  will  materially  assist  those  who  wish  for  law  reform 
in  matters  pertaining  to  land^  to  see  more  clearly  than  many  do  at 
present  what  they  are  about. 


PROGRESS  OP  INVENTION. 

PiEB-GRATES. — ^Mr.  Padwick  of  Blaenau^  Merioneth,  has  invented 
a  method  of  increasing  the  current  of  air  admitted  to  fires  by  a  very 
simple  contrivance.  He  places  a  grating  on  the  bottom  of  the  fire- 
grate, some  short  distance  from  the  back,  and  then  allows  it  to  rest 
on  the  back,  so  that  a  triangular  space,  into  which  the  fuel  cannot 
get,  is  left ;  its  three  sides  being  formed  by  part  of  the  bottom  of 
the  grate,  part  of  the  back,  and  by  the  perforated  plate,  which 
is  of  the  full  width  of  the  fire-grate,  and  is  about  five  or  six  inches 
high. 

Pbesebvino  Wood  from  Decay. — ^By  the  process  of  Mr.  Archibald 
B.  Tripler,  of  New  Orleans,  wood  is  said  to  be  preserved  from  decay 
in  the  following  manner  :  The  wood  is  cut  into  two  or  more  equal 
parts,  or  slabs.  These  pieces  are  bored  at  equal  distances  to  receive 
the  tree-nails  to  unite  them,  and  they  are  immersed  in  a  solution  of 
coal-tar  and  powdered  charcoal,  either  hot  or  cold,  in  equal  or  unequal 
parts,  which  not  only  thoroughly  impregnates  the  slabs  with  carbon^ 
but  coats  the  surface  with  an  adhesive  material,  so  that  when  put 
together  their  adjacent  sides  will  adhere  together,  and  form  interior 
partitions,  or  walls  of  antiseptic  or  preservative  agents,  extending 
from  one  end  of  each  slab  to  the  other.  These  slabs  are  then  united 
with  tree- nails,  or  double  pins,  in  such  a  manner  as  to  lock  them  as 
firmly  and  solidly  as  if  they  were  one  piece.  The  timber  thus  pre- 
pared is  immersed  in  a  solution  consisting  of  asphaltum,  or  mineral 
pitch,  80  parts ;  sulphur,  5  parts ;  arsenic,  5  parts ;  coal-tar,  5  parts ; 
powdered  charcoal,  5  parts; — ^in  all,  100  parts.  This  solution  will 
cover  the  surface,  and  fill  up  the  joints  and  crevices  between  the 
slabs,  rendering  them  impervious  to  water,  and  efiectually  preventing 
atmospheric  decomposition  by  insulating  it  from  the  decaying  in- 
fluences of  the  elements. 

Ventilating  Mines. — This  very  important  object  is  said  to  be 
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obtained  in  the  following  manner:  A  tube  or  pipe  is  introduced 
into  the  upcast  shaft  of  the  mine^  or  into  the  shafts  or  portion  of  the 
shafb  which  is  used  as  an  outlet  for  the  air^  and  for  the  gases  gene- 
rated or  evolved  in  the  mine.  The  tube,  or  pipe,  is  carried  nearly  to 
the  bottom  of  the  shafb,  the  upper  part  being  carried  to  some  height 
above  the  level  of  the  pit's  mouth.  Into  the  upper  part  of  the 
tube^  or  pipe  ordinary,  super-heated  steam  derived  from  any  suitable 
source  is  introduced,  and  thereby  a  vacuum,  or  partial  vacuum  pro- 
duced, to  supply  which  the  air  contained  in  the  workings  of  the  mine 
is  necessarily  set  in  motion,  and  flows  in  a  continual  current  from 
all  parts  of  the  mine  towards  the  vacuum,  or  partial  vacuum,  and 
carrying  with  it  the  noxious  gases  or  vapours  which  have  been 
generated  or  evolved,  such  current  being  continued  as  long  as  the 
steam  is  supplied  to  the  ventilating  tube.  Several  tubes  may  be 
employed.  The  advantages  of  the  process  are  said  by  the  inventor> 
Mr.  Horsfall,  to  be  cheapness  and  completeness. 

Peoducino  Oxygen  Gas. — ^Dr.  Elirkpatrick,  of  Brussels,  has 
patented  the  following  method  of  obtaining  oxygen  in  quantities, 
and  at  a  small  cost  :  Any  hydrated  oxide,  or  any  hydrated  salt,  or 
other  hydrated  compound  of  cobalt  or  nickel,  or  any  mixture  of  these 
substances  in  a  comparatively  small  proportion,  is  used  with  a  larger 
quantity  of  any  soluble  hypochlorite,  such  as  hypochlorite  of  lime  or 
potash.  This  compound  of  cobalt  or  nickel  coming  into  contact 
with  the  hypochlorites,  decomposes  them ;  a  black  precipitate  is 
formed,  and  this  acts  on  the  hypochlorite,  setting  free  oxygen  from 
it.  The  oxygen  gas  thus  set  free  escapes  with  effervescence,  and  may 
be  collected,  in  the  same  manner  as  hydrogen  or  carbonic  acid,  in 
a  gas  receiver.  The  inventor  prefers  to  use  hypochlorite  of  limej 
the  substance  known  as  chloride  of  lime,  or  bleaching  powder. 
When  a  solution  of  this  salt  is  used,  it  should  be  in  a  concentrated 
form,  so  as  to  reducp  the  bulk  of  the  liquid.  When  it  is  used  in  the 
state  of  bleaching  powder,  it  should  be  made  into  a  milk  by  mixing 
it  with  a  certain  quantity  of  water.  Cobalt  salts  are  said  to  act 
better  than  those  of  nickel,  they  being  more  prompt  and  quick  in 
causing  the  decomposition.  The  nitrate  or  chloride  are  the  best.  The 
cobalt  salt  should  not  be  acid,  otherwise  chlorine  will  be  evolved. 
When  the  evolution  of  oxygen  has  ceased,  the  cobalt  falls  to  the 
bottom  as  cobaltic  oxide.  The  supernatant  liquid  may  then  be 
drawn  off,  and  a  fresh  quantity  of  liquid  chloride  of  lime  may  be 
poured  in,  and  this  process  may  be  continued  till  the  oxide  has  lost 
its  efficiency.  The  same  quantity  of  oxide  will  often  decompose 
silccessive  additions  of  chloride  of  lime  almost  indefinitely,  but  when 
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the  oxide  has  lost  its  efficiency,  it  may  be  easily  restored  by  trans- 
forming it  into  a  salt  in  the  usual  manner,  care  being  taken  to  make 
the  salt  neutral.  When  a  turbid  solution,  or  a  mixture  of  bleaching 
powder  with  water,  has  been  used,  the  cobaltic  oxide  will  necessarily 
be  mixed  with  solid  particles,  but  it  may  be  readily  separated  from 
them  by  adding  to  the  mixture  an  acid  (hydrochloric  is  preferred) 
till  it  assumes  an  acid  reaction.  The  cobalt  is  then  dissolved,  and 
carbonate  of  lime  should  afterwards  be  added  till  the  acid  is 
neutralized.  The  cobalt  will  now  be  in  solution  in  the  liquid, 
which  may  be  drawn  off,  and  the  cobalt  precipitated  from  it  by 
lime  or  by  any  other  precipitant  usually  employed,  which  forms 
soluble  compounds  with  lime.  K  hydrochloric  acid  has  been  used 
as  a  solvent,  chloride  of  lime  is  a  very  convenient  precipitant. 
With  respect  to  the  proportion  of  the  cobalt  compounds  which 
should  be  used  to  liberate  the  oxygen  from  a  given  quantity  of 
chloride  of  lime,  the  cobalt  compound  added  to  the  chloride  of  lime 
should  be  in  such  proportion  as  to  contain  from  three  to  ten  parts  by 
weight  of  metallic  cobalt  to  every  thousand  parts  by  weight  of 
chloride  of  lime,  marking  100°  of  Gay  Lussac^s  scale.  Less  may  be 
used,  but  the  evolution  of  the  gas  will  be  slower.  A  too  large 
proportion  of  cobalt  should  be  avoided  as  it  passes  to  the  state  of 
the  higher  oxide  at  the  expense  of  the  oxygen  of  the  chloride  of 
lime,  and,  if  equivalent  proportions  are  used,  chloric  would  alone  be 
evolved  without  any  oxygen  being  given  off. 

Ovens  and  Kilns. — Messrs.  Brough  thus  describe  their  method 
of  making  kilns  and  ovens :  We  construct  our  ovens  and  kilns  of  a 
circular  or  elliptic  sectionsd  plan,  but  the  principle  of  construction 
may  be  used  in  different  forms.  The  interior  of  the  chamber  is 
constructed  with  a  series  of  nearly  equal-spaced  descending  flues, 
which,  communicating  with  the  principal  flue  from  the  fires,  and 
leading  into  flues  along  the  floor  of  the  oven,  pass  all  into  one  great 
flue  up  the  centre  of  the  chamber.  By  this  arrangement  the  heat 
is  not  only  made  to  circulate  through  every  part  of  the  oven — top, 
sides,  bottom,  and  interior — ^but  the  smoke  is  kept  from  actual  contact 
with  the  goods  during  their  action  in  the  kiln. 

Stopfesing  Bottles,  etc. — ^A  hollow,  cylindrical  plug,  tapering 
towards  the  bottom,  is  made  of  gutta  percha,  wood,  or  other  suitable 
material,  and  its  lower  end  is  divided  into  segments,  so  as  to  be 
capable  of  expansion  or  compression,  by  the  application  or  with- 
drawal of  a  conically-formed  screw  or  wedge.  The  inner  surface  of 
the  plug  is  tapped  to  receive  the  screw.  Around  the  outer  surface 
of  the  plug  is  placed  a  ring  or  surface  of  india-rubber.    In  using 
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this  stopper  the  ping  is  first  inserted  into  the  neck  of  the  vessel^ 
and  then  the  screw  is  used  to  expand  the  plug.  The  plug  may  be 
of  any  desired  shape.  The  inventor  is  Mr.  John  Underwood,  of 
Archway-road,  Highgate. 

FiEE-BABS. — The  object  of  this  invention  is  to  construct  fire-bars 
in  such  a  way  that  the  upper  part,  which  is  more  directly  exposed 
to  the  heat,  may  be  replaced  when  burnt  away  or  unfit  for  use, 
while  the  other  or  lower  part  may  last  and  be  available  for  a  very 
much  longer  time.  The  upper  and  lower  part  are  dovetailed,  or 
otherwise  suitably  joined  together  by  projections  on  one  fitting 
into  corresponding  cavities  in  the  other  bar,  in  such  a  way  that  the 
fit  is  quite  loose  and  easy  when  the  bar  is  cold^  but  sufficiently  tight 
when  the  bars  are  hot,  to  prevent  warping  or  other  incon- 
veniences, the  upper  part  expanding  to  a  greater  extent  than  the 
lower.  The  under  part,  where  it  is  joined  to  the  upper,  may  be 
scolloped,  cut  out,  notched,  or  perforated,  for  the  air  to  pass  right 
through.  The  lower  part  may  be  hollow,  or  in  two  parts  or  sides, 
with  a  space  between  them. 

Gymnastic  Appaeatus. — ^A  new  and  safe  gymnastic  apparatus 
has  been  invented  by  W.  Hanlon,  of  New  York.  This  apparatus 
is  constructed  so  as  to  consist  of  parallel  bars  and  swings,  so 
arranged  that  the  distance  between  the  bars  may  be  varied  at 
pleasure,  so  that  the  performer  can  either  rest  on  them  or  pass 
freely  between  them  without  danger  of  striking  against  them,  and 
that  he  may  be  able  to  stop  or  start  swinging  at  pleasure.  It  con- 
sists of  parallel  bars,  secured  laterally  by  means  of  two  sets  of  cross- 
bars or  braces,  placed  at  proper  distances  apart,  and  held  firmly  in 
mid  air  by  any  suitable  means.  On  one  set  of  these  bars  are 
arranged,  two  on  each  bar,  small  swings,  and  a  single  trapeze  is 
attached  to  each  bar  of  the  other  set.  The  variation  in  the  distance 
between  the  parallel  bars  is  obtained  by  means  of  flaps  or  rests 
hinged  on  to  the  parallel  bars,  the  object  being  to  allow  in  some 
feats  of  one  performer  catching  and  resting  on  the  flaps  while 
another  swings  on  the  trapeze,  and  grasps  him  by  the  feet.  In  any 
feat  where  the  flaps  are  not  required  they  can  be  turned  over  out 
of  the  way,  so  as  to  present  the  entire  length  of  the  bars  perfectly 
clear.  The  stopping  and  starting  arrangement  consists  of  two 
pairs  of  short  ropes,  which  are  designated  stop- ropes,  pendant 
from  the  parallel  bars,  and  placed  about  midway  between  the  cross- 
bars or  braces  which  carry  the  small  swings  and  trapezes,  the  object 
of  these  stop-ropes  being  to  enable  the  performer,  while  swinging. 
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to  stop  and  start  himself  quickly  and  without  much  effort.  In 
addition  to  this  there  is  also^  as  part  of  tbe  invention^  a  safety 
apron,  to  be  used  in  connection  with  it.  It  is  arranged  as  follows : 
An  apron  of  cloth  or  canvas  is  employed ;  with  it  are  combined 
cross-stays  or  ribs,  or  slabs  of  wood,  or  other  elastic  suitable 
material,  placed  at  short  distances  apart.  The  apron  is  drawn  over 
short  trestles,  and  is  secured  to  the  floor  or  wall^  of  the  apartment 
by  means  of  tension  cords,  fastened  to  a  strong  bar  at  each  end  of 
the  apron,  and  converging  to  a  common  centre,  where  they  are 
united  to  single  cords  and  pulley  blocks  in  the  usual  way.  By 
sewing,  or  otherwise  securing  the  cross-stays  or  slabs  to  the  apron, 
it  is  rendered  capable  of  resisting  any  tendency  to  throw  or  allow 
the  performer  to  slide  on  to  the  floor,  should  he  by  some  mischance 
fall  near  the  edges  or  sides  of  the  apron. 


MEMORANDA. 

The  Action  of  Wind  on  the  Basometeb. — ^M.  W.  De  Fonvielle 
called  the  attention  of  tbe  French  Academy  in  September,  to  tbe  follow- 
ing remarks  of  Mariotte,  in  the  first  volume  of  his  works,  printed  at  Paris 
in  1740  : — "  The  north  and  north-west  winds  ordinarily  cause  the  mer- 
cury of  the  barometer  to  rise,  not  only  because  they  render  the  air  more 
heavy,  but  also  because,  in  blowing  against  the  earth  from  above  down- 
wards they  augment  its  elasticity,  and  that  raises  the  mercury.  The 
barometrical  oscillations  which  accompany  south  and  south-west  winds 
receive  an  analagous  explanation.  The  south  and  south-west,  which 
come  from  afar,  often  blow  in  tangents  to  the  north,  and  raise  the  air 
upwards,  diminishing  its  elasticity." 

Appearances  of  Jupiter. — On  the  24th  and  25th  October  Mr.  Browning 
made  two  careful  drawings  of  Jupiter,  one  at  11  p.m.  and  the  other  at 
10.45,  thus  obtaining  representations  of  the  whole  surface  of  the  planet. 
He  found  the  equatorial  belt "  of  a  fuller  ochreish,  or  tawny  colour  '*  than 
on  a  former  occasion ;  north  of  the  equator  was  a  bright  belt,  being  the 
brightest  part  of  the  planet,  and  the  dark  belts  on  the  northern  side  were 
dark  brown,  with  less  copper  tint  than  on  previous  observations.  South 
of  the  equator  the  disc  was  particularly  free  from  belts.  These  remarks 
apply  particularly  to  the  night  of  the  24th.  The  hemisphere  seen  on 
the  25th  had  a  bright  and  a  dark  belt  about  midway  between  the  south 
pole  and  the  equator ;  the  ochreish  belt  was  mottled  all  over  with  cloudy 
white  marks;  a  distinct  line  of  them,  though  separated  by  darker 
markings,  evidently  encircled  the  whole  planet  a  little  way  to  the  south 
of  the  equator.    Two  photographs  taken  within  a  quarter  of  an  hour  of 
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the  same  time  on  the  24th,  by  Mr.  De  la  Bne,  show  the  equatorial  belt 
almost  absolutely  transparent,  the  light  from  the  orange-coloured  belt 
having  £9t,iled  to  act  on  the  sensitive  plate.  Mr.  Browning  says  that  lie 
has  seen  photographs  taken  a,t  other  times,  in  which  this  belt  exerted  the 
most  action.  We  have  taken  these  particulars  £rom  a  paper  read  by  Mr. 
Browning  before  the  Astronomical  Society. 

Aceland's  Selenite  Stage. — Mr.Ackland(Home&Thomthwaite)  has 
just  designed  and  brought  out  a  very  clever  and  handy  selenite  stage, 
which  will  replace  elaborate  and  expensive  contrivances  now  in  use  for 
obtaining  a  variety  of  tints  for  polarisoope  objects.  Mr.  Ackland  found 
that  a  neutral  tint  like  that  of  Newton's  rings  midway  between  the  violet 
of  the  second  wave  and  the  indigo  of  the  third  wave,  had  an  extremely 
delicate  and  advantageous  action,  producing  remarkably  gorgeous  colours 
with  suitable  objects.  He  prepares  selenite  films  of  the  exact  thickDeaB, 
and  microscopists  can  be  supplied  with  an  apparatus  of  three  or  four 
rotatory  films  at  a  very  moderate  price. 

FOBTABLE  Lamps. — ^Mr.  Fiddian  has  devised  a  good  portable  micro- 
scope lamp,  which  can  be  carried  in  the  pocket.  It  is  made  by  Mr. 
Browning,  and  will  be  much  liked  by  travelling  microscopists.  Its 
principle  is  the  same  as  his  previous  lamp  with  the  metallic  chimney, 
and  the  arrangements  are  very  convenient  and  complete. 

Mr.  Moginie  has  also  devised  a  cheap  and  handy  portable  lamp,  whioh 
goes  into  a  rather  smaller  compass  than  Mr.  Fiddian's,  and  has  the 
ordinary  glass  chimney.  Mr.  Piddion's  is  the  most  elaborate  and  neces- 
sarily higher  in  price.     Both  pack  conveniently. 

Mr.  Proctor's  '*  Other  Worlds."— We  are  glad  to  find  this  remark- 
able work  already  in  its  second  edition.  In  his  pre&ce  Mr.  Proctor 
notices  various  unfair  reviews,  especially  one  by  Professor  Pritchard, 
which  was  a  most  ridiculous  exhibition  of  clerical  conservatism  misapplied 
to  science.  The  professor  deserves  his  castigation;  but  articles  bo  silly 
ought  not  to  receive  any  attention  from  a  man  of  Mr.  Proctor's  standing. 

The  Eclipse  m  Enqland. — ^Mr.  Slack  writes  that  the  edipse  was  on 
the  whole  well  seen  on  Ashdown  Forest  (Sussex),  although  at  the 
moment  of  first  contact  clouds  rose  in. the  way.  A  thermometer  in  the 
sun  just  before  the  eclipse  began  fell  nine  degrees  at  its  height.  The 
entire  moon's  disc  was  visible  in  a  B-inch  refractor  with  power  of  50, 
and  dark  glass  at  12.45,  and  of  dull,  coppery  grey;  the  dark  glass  giving 
a  neutral  tint,  grey,  and  diminishing  the  red  of  the  moon. 
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Acute  lead  poisoning,  120 
Adhesion  of  air  to  glass,  101 
Affinitj,  chemical,  101 
Ague  poison,  482 
Au>,  adhesion  of,  to  glass,  102 
A  life  history,  186 
Alleged  eccentricity  of  the  moon's  figure, 

102 
Alps,  striated  rocks  of  the,  629 
Alumina,  480 

Ancient  and  modem  wasps,  462 
Aniline  green,  etc.,  478 
Animal  poisons,  11 
Animals  as  fellow-boarders,  143 
Anthropomorphism,  398 
Antimonious  sulphide,  409 
Antimony,  403 

Apparatus  for  abstracting  heat,  221 
Apparatus,  gynmastic,  660 
Appearances  of  Jupiter,  661 
Applying  electricity  for  opening  gates  and 

doors,  222 
Aqua  della  ToflTania,  168 
Argentic  cyanide,  616 
Arsenic,  12 
•Arsenic,  test  for,  100 
Artificial  gems,  111 
Artificial  indigo,  212 
Ass  and  horse  of  Aryan  antiquity,  207 
Atheism,  897 
Aurora,  448 
Auroras  and  magnetism,  111 

BAGTrXTTB,  26 

Barometer,  action  of  wind  on,  661 

Bees  and  wasps,  466 

Beltsof  Jupiter,  2 

Benzole,  manufacture  o^f,  220 

Blow  fiy,  28 

Blue,  ticks,  836 

Bottles,  stoppering,  649 

Boxes,  letter,  333 

Binocular  microscope,  Stephenson*8,'836 

Biological  condition  o;'  the  deep  sea,  '   7 

Birds,  courtship  of,  113 


Biskra,  earthquake  at,  110 

Bisulphide  of  carbon,  102 

Bread,  preserving,  446 

Brick  buildings,  waterproof  filing  for,  220 

Bronze  implements,  276 

Browning's  pocket  miorosoope,  447. 

Caotaokb,  126 

Oalcio  hydro-carbonate,  414 

Calomel,  180 

Carbon,  bisulphate  of,  102 

Carbonate  of  copper,  296 

Caustic  alkalies,  606 

Celts  and  other  implements  of  bronze,  276 

Centre  of  Sun's  motion,  372 

Change  of  place  of  stars,  870 

Chemical  affinity,  101 

Chinese  observations  on  comets.  111 

Chloride  of  antimony,  407 

Chlorophyll,  optical  properties  of,  626 

Chlorophyll  under  the  influence  of  light,  90. 

Civilization,  origin  of,  396 

Clouds,  electricity  of,  436 

Coal,  desulphurizing,  221 

Coal-tar  and  its  products,  69,  472 

Coke,  gas  e.  oven,  49 

Colour  and  form  of  Jupiter's  belts,  806 

Colour  from  coal-tar,  472 

Colours  of  Jupiter,  386 

Colours  of  minerals,  94 

Colouring  matters,  416 

Colours  of  sulphides,  412 

Comatula,  860 

Comet  of  1744,  68 

Comets  and  meteors,  228 

Comets,  Chinese  observations  on.  111 

Composition  for  covering  ships  and  boats, 

384 
Compound  eye  of  the  wasp,  466 
Condition  of  Jupiter,  1 
Confirmation  of  Jupiter's  colours,  447 
Convulsionism  and  Demonism,  261 
Copper,  poisoning  by,  188,  290 
Corals  and  spon^^es,  102 
Corals,  stony,  858 

Cord  tightener  for  curtain  fixtures,  107 
Corks,  securing,  108 
Corrosive  sublimate,  170 
Courtship  of  birds,  118 
Crinoidea,  849 
Crucible?,  106 
Crustacea,  crystalline,  893 
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Crustacea  of  the  cold  era,  857 

Crystallography,  435 

Cr'^stalline  crustaoea,  893 

Cultivation  of  cacti,  137 

Capric  chloride,  295 

Curtain  fixtures,  cord  tightener  for,  107 

Cutlasses,  220 

Cutting  glass,  tools  for,  104 

Cjcadace«,  78 

Cjcas  Buminiana,  79 

Cyanogen,  salts  of,  613 

DsADLT  poisons,  9 
Deep  sea,  226,  337 
Deesa,  the  meteorite  of,  92 
Demonism  and  Conyulsionism,  251 
Density  of  Jupiter,  304 
Desulphurizing  coal,  221 
Deyeloproent  of  the  blow  fly,  80 
Detection  of  copper  poisoning,  603 
Disease  of  silkworm,  431 
Diyining  rod,  20 
Dredge,  deep  sea,  846 
Dredging,  37 

Babthqttakr  at  Biskra,  110 
Echinoderm,  850 
Eclipse  in  England,  652 
Eclipse  obi^errations,  533 
Eclipse,  total,  of  the  moon,  368. 
Edible  frog,  449 
Elater  noctilucus,  816 
Electricity  of  clouds,  436 
Emetics,  619 

England,  state  of  science  in,  621 
Expedition,  deep  sea,  348 
Extracting  juice  from  sugar  cane,  108 

Fauna  of  the  cold  era,  3f  6 

Fauna  of  the  deep  sea,  843 

Feather  star,  360 

Fetichism,  397 

Fire-bars,  550 

Fire-grates,  547 

Flustra,  390 

Fontainebleau,  Glacial  marks  near,  627 

Food  of  the  owl-parrot,  499 

Foreign  science,  100,  211,  311,  429 

French  locality  of  Pentacrinus  EuropsBOS, 

102 
Prog,  edible,  449 
Functions  of  stromata,  316 
Fungus,  the  juniper,  285 

Oaliha,  413 

Garments,  waterproof,  106 

Gas-coke,  219 

Gases,  noxious,  331 

Gas  liquor,  ammoniaoal  gas,  222 

Gaa,  oxygen,  58 

Gates  and  doors,  applying  electricity  for 

opening,  222 
Gelatine,  107 
Gems,  artificial,  1^1 
Geological  colours,  94 


Glacial  mark<;  near  Fontainebleau,  627 

Glances  at  new  books,  326,  436,  640 

Glass,  adhenion  of  air  to,  102 

Glass,  platinized,  110 

Glass,  tools  for  cutting,  104 

Goulard's  wash,  417 

Grape  sugar,  296 

Great  comet,  1744,  58 

Great  snow-fall,  209 

Green  frog,  451 

Green  rocks,  97 

Ghrouse,  pinnated,  116 

Growth  of  plants,  212 

Ghilf  of  Mexico,  marine  zoology  o(  853 

Gulf  stream,  241 

Gulf  weed,  385 

Gymnastic  apparatus,  560 

Heat,  abstracting,  221 
Heat,  radiation  of,  100 
Holtenia  Carpenteri,  352 
Honey  bee,  464 
Hybridisation  of  cacti,  141 
Hydras,  185 
Hydric  sulphate.  10 
Hydric  sulphide,  411 
Hydro  carbons,  198 
Hydrocyanic  acid.  515 
Hydrophobia,  312 
Hydroscopists,  26 

lOAJA  poison,  430 

Idolatry,  398 

Imagination  in  ^cience,  423 

Implements  of  hronze,  276 

Increase  in  size  of  planets,  808 

Indigo,  artificial,  212 

Influence  of  •  old  on  minute  organisms,  213 

Influence  of  light  upon  chlorophyll,  90 

Inhabitants  of  t  .e  Sargasso  Sea,  883 

Invention,  protjresB  of,  443 

Irritant  poisonn,  11 

JmriFBB  fungut),  285 
Jupiter,  1 

Jupiter,  appea)-ances  of,  661 
Jupiter's  belts.  305 
Jupiter,  colon  t'H  of,  335 
Jupiter,  densitN  of,  304 

Eiuis  and  ove'is,  549 

Lamps,  portal- 1 e,  552 

Lead,  poison  IT...  412 

Lepidoptera,  •  'iles  of,  49 

H'^ter  boxeo.  8:^3 

Li.    tnings  Hi<i<>i7raph,  238 

Lii    stars,  3li> 

Lit    iiynoti.v  .  109,  212 

Lov-iity  of  P.     .»c  inus  Europaus,  102 

Lunar  actiT  it  \,  161 


MaCHOCTSTIP 

Magnesium   '^ 
Making  soui> 
Man  and  naf. 
Manufacture  « 


^nfjra,  388 

•  lufNcture  of,  104 
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I.  («   ection,  818 
'  he  zole,  220 
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Mannfaotixre  of  magnesium,  104 

Manu£»cture  of  vitriol,  817 

Manure,  substancea  for,  443 

Marbles,  crystalline,  99 

Marine  zoology  of  the  Gulf  of  Mexico,  358 

Mars,  3 

Marsh's  test,  401 

Matchets  and  cutlasses,  220 

M'boundoa  poison,  480 

Meat,  preserring  and  preparing,  384 

Meconio  acid,  620 

Melbourne  telescope,  111 

Memoranda,  447,  661 

Mercury,  3 

Metallic  antimony,  44 

Metallic  poisons,  11 

Metallic  spectra,  101 

Meteorites,  whence  do  they  come  ?  92 

Microscope,  pocket,  447 

Microscope,  Stephenson's  binoculary  886 

Minerals,  colour  of,  94 

Mines,  ventilating,  647 

Minute  organisms,  influence  of  cold  on,  212 

Miocene  flora  of  Spitsbergen,  84 

Miscellaneous  notes,  110,  228,  836 

Mock  sun,  448 

Modem  eclipse  obserrations,  638 

Molluaca  of  the  cold  era,  857 

Mont  Cenis  tunnel,  63 

Moon,  total  eclipse  of  the,  868 

Moonlight  evenings,  telescopic  work  for,  823 

Moon's  figure,  alleged  eccentricity  of,  102 

Morphia,  519 

Mortar,  104 

Movements  of  chlorophyll  under  the  infln« 

ence  of  light,  90 
Mucous  membrane,  9 

Naib-wobms,  429 
Natural  selection  and  man,  818 
Nature  worship,  897 
Nervous  impubes,  436 
Nest  of  the  owl-parrot,  496 
New  red  sandstone,  96 
Non-metallic  poisons,  11 
November  meteors.  111 
Noxious  gases,  831 

OBTAiSTsa  gelatine,  107 

Odour  of  pruBsic  acid,  613 

Odours  of  plants,  111 

Old  red  sandstone,  96 

On  poisons,  8,  168,  403,  499 

On  the  multiple  .tail  of  the  great  oomft, 

1741,  58 
Opium,  518 

Optical  properties  of  chlorophyll,  626 
Or  kakapo,  492 
Ores,  reducing,  106 
Origin  of  civilization,  396 
Osoiilation  of  gaseoua  molecules,  484 
Other  worlds,  299 
Oven-coke,  219 
Ovens  and  kilns,  649 
Owl-parrot,  492 


Oxalic  acid,  608 ' 

Oxygen  gas,  producing,  648 

Paint,  444 

Pahns,  sago,  78  », 

Pandanus,  851 

Pandorina,  315 

Pattinson's  process,  413 

Pentaorinus  Europsus,  102 

Perambulators,  107 

Perohloride  of  iron,  619 

Pewter,  416 

Photography,  stellar,  316 

Physical  condition  of  the  deep  sea,  225 

Pinnated  grouse,  116 

Pinnularifis,  821 

Pipes,  sound  in,  817 

Plant  growth,  212 

Plants,  odours  of,  111 

Platinized  glass,  110 

Plato,  spots  on,  165 

Pocket  microscope,  447 

Podisoma,  285 

Poison  of  the  scorpion,  631 

Poisons,  168,  8,  288,  403,  499 

Porcupine,  expedition  of  the,  225 

Portable  lamps,  562 

Potash  salts,  507 

Premiums  for  odours  of  plants,  111 

Preserving  and  preparing  meat,  334 

Preserving  bread,  446 

Preserving  wood  from  decay,  647 

Probabilities  in  science,  154 

Producing  oxygen  gas,  548 

Products  of  coal-tar,  69,  198,  472 

Progress  of  the  Mont  Cenis  tunnel,  68 

Propagation  of  cacti,  140 

Progress  of  invention,  108, 220,331,443,544 

Prussic  acid,  511 

Purifying  bisulphide  of  carbon,  102 

Badiatton,  211 
Radiation  of  heat,  100 
Range  of  thunder-storms,  223 
Reactions,  spectral,  436 
Red  lead,  419 
Red  sandstone,  96 
Reducing  ores,  106 
Regelation,  101 
Reinsch's  test,  411 
Reminiscences  of  dredging,  87 
Rhizoorinus  lofotensia,  850 
Rocks,  colour  of,  94 
Rocks,  green,  97 
Rosaniline,  salts  of,  476 
Rust  of  copper,  298 

Sa<K>  palms,  78 
Saloombe  bay,  42 
Salts  of  copper,  298 
Salts  of  rosaniline,  476 
Sandstone,  red,  96 
Sargasso  sea,  383 
Saturn,  4 
Scale  beams,  444 
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Scales  of  lepidoptera,  49 

Science,  imagination  in,  423 

Scince  in  England,  621 

Science,  probabilities  in,  164 

Scissors  for  gathering  flowers  sad  £rait| 

882 
Scorpion,  poison  of  the,  631 
SoyllsD  pelagica,  390 
Sea-mat,  890 
Sea,  the  deep,  226,  837 
Securing  corks,  103 
Selenite  stage,  662 
Selenium,  813 
Sex  of  wasps,  465 
Shamanism,  397 
Ships  and  boats,  composition  for  core  ring, 

884 
Shutters,  window,  104 
Siliceous  sponges,  859 
Silkworm,  disease  of,  437 
Blow  poisoning,  169 
Solar  spots,  814 
Sound  in  pipes,  317 
Sounding  apparatus  lor  deep  16%  346 
Soup-maKing,  446 
Spectra,  metallic,  101 
Spectral  reactions,  436 
Spectrum  of  elater  noctiloinis,  316 
Spectrum  of  Jupiter,  6 
Spitsbergen,  miocene  flora  of,  84 
Sponges  and  corals,  102 
Sponges  of  the  cold  era,  368 
Sponges,  siliceous,  369 
Spots  on  Plato,  166 
Spots  on  the  sun,  814 
Stage,  Aokland's  selenite,  662 
St«r  colours,  481 
Star  drift,  869 
Starch  in  plants,  811 
State  of  science  in  BngUmd,  621 
Stellar  photography,  816 
Stephenson's  binocular  mieroscope^  886 
Stomata,  816 
Stony  corals,  868 
Stoppering  bottles,  etc.,  649 
Striated  rocks  of  the  Alps,  628 
Strigops  habroptilus,  492 
Structure  of  pennulariss,  821 
Structure  of  Uie  blow  fly,  28 
Strychnia,  9 

SuDstances  for  manure,  443 
Sugar  cane,  extracting  juice  firom,  103 
Sugar,  grape,  296 


Sugar  of  lead,  421 

Sulphide  of  antimony,  409 

Sulphides,  ooIoom  of,  412 

Sun-dial  at  Oum-el-Awa^oAid,  483 

Sun,  mock,  448 

Sun's  motion,  centre  of  the,  372 


Tail  of  the  great  comet,  1744,  68 

Tar,  coal,  69, 198 

Tartar  emetic,  405 

Telescopic  work  for  moonlight  eTomngs, 

76,  823 
Temperature  at  the  bottom  of  the  SMk,  838 
Test  for  arsenic,  100 
Thunder  storms,  range  of,  223 
Ticks,  blue,  886 
Tonffue  of  the  wasp,  468 
Tools  for  cntting  glass,  104 
Total  eclipse  of  the  moon,  368 
Totemism,  397 
Tramways,  446 

Transmission  of  nerrous  impulses,  486 
Treating  ammoniacal  gas  liquor,  222 
Treating  substances  for  manure,  443 
Treating  xyloidine,  444 
Triethyiic  rosaniline,  477 
Tunnel  of  Mont  Cenis,  63 
Tyndall  on  Imagination  in  Science,  423 

Umbbsllas,  106 

Ursa  major,  star  drift  in,  881 

Yaociivb  matter,  432 
Yegetable  poisons,  11 
Velocity  of  sound  in  pipes,  817 
Ventilating  mines,  647 
Ventriculites,  862 
Vine  pests,  101 
Vitriol  manufacture,  317 
VolyocinesB,  316 


Wasps  ancient  and  modem,  462 

Water  finding,  20 

Waterproof  facing  for  brick  buildings, 

Waterproof  garments,  106 

Weed,  the  gulf,  886 

Whence  come  meteorites,  92 

White  lead,  418 

Wind,  action  of  on  barometer,  661 

Window  shutters,  104 

Wood,  preeerying  from  decay,  647 

Xtloiddtb,  444 
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snacoKS  aitd  bottsv,  psuttsbb,  lovdov. 


V    k 


